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The  autoor  wisnes  to  exoress  ois  aparesiation  of 
Professor  Rowland's  kininess  in  allowing  the  use  of  his 
tner.ao:neters  for  the  ourpose  of  tnese  coaparisoiis,   and 
his  obligation  to  both  Professor  Rowland  and  Professor  Ames 
for  tneir  frequent  aid  and  advioe  in  the  course  of  tne  work, 

Altnou^h  the  general  olan  of  tne  apparatus 
desorioed  here  is  tne  author's,  ne  wishes  to  express  his 
deep  sense  of  oblir!ation  to  '4r.  /J.  T.  viatner,  Fellow  of  tne 
Johns  Hopkins  University,  for  his  aid  at  almost  every  steo 
in  the  laechanioal  details  of  its  design  and  construction. 


i.      Introduction.      Ob.iect  of  Co:iiparisoD,    etc. 
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Tne  Mechanical  Equivalent  of  Keat  In  tbe  C.G.S. 
in  the  equatioi 


systeut  is  the  value  of  J  in  the  equation 


where  dH   is  the  number  of  ergs  required,  when  exoended 
in  heat,  to  raise  the  te:nperature  of  one  graa  .of  water 
dt°  G.  on  the  absolute  scale.   TniE  quantity,^  differs  at 
different  temperatures  on  account  of  the  variation  of  tne  specif- 
ic heat  of  water. 

Rosland's  measureaen t  of  the  Mechanical  Equivalent  in 
1377-73,   (Proc.  American  Acad,  of  Arts  and  Sciences,  15.  p.  75, 
1379,  )   still  reaiains  as  orobaoiy  the  best  one  in  whicn  toe 
heat  is  produced  by  the  exoenditure  of  mecnanical  energy. 
Sitnin  tne  last  fe?;  years,  however,  a  number  of  other 
deter;ninations  have  oeen  made,  in  whicn  the  heat  is  produced 
by  the  exc»enditure  of  electrical  energy,  and  these  have  given 
values  differing  a  little  fron  Rowland's.   Schuster  and 
Gannon  (Pnil.  Trans.  186  A.  p.  458,  1395),  give  the  follo?dng 
conDarative  values.   The  unit  is  foot-nounds  at  Greenwich, 
(  g  =  981.17  ciii/sec"'),  and  tne  tenjoerature  scale  is  tnat  of  tne 
Paris  nitrogen  themoaieter. 

Joule.      Rowland.    Griffiths,   Schuster  4  G. 
At  19.1°  0.      774         776.1      779.1       773.5 
At  15°  0.        775         773.3      780.?.       779.7 
In  the  exoerinents  of  Joule  and  Rowland  the  neat  was  produced 


by  aiechanical  stifi'ing,  in  those  of  Griffiths,  and  of 
Scnuster,  tne  heat  was  oroduoed  eleotriaally.   Judging 
fr-Oiii  these  four  exoerinents.,  tne  electrioal  methods  seem 

to  give  higher  results  than  tne  aechanioai. 

ik  vv 
The  value  of  • — .   deoends  not  onlv  on  the 

.TieasureTient  of  the  quantity  dW,  but  also  on  tne  scale  of 

temperature  used  in  measuring  dt°.   In  Rowland's  experi- 

aents  this  (Quantity  was  'neasured  on  the  absolute  scale,  as 

determined  by  co^oarison  »ith  an  air-ther;noneter.   In  view, 

however,  of  later  and  iiore  refined  experi.nents  Kitn  :aercur- 

ial  and  gas-tner-no-aeters  by  various  observers,  oartisularly 

at  the  International  Bureau  of  Weights  apd  Measures,  at 

Sevres,  near  Paris,  the  present  ;vriter  determined  to  aaKe  soaie 

experiaents  on  the  soeciiic  neat  of  water..  At  the  suggestion 

of  Professor  Rowland,  however,  it  was  deoided  to  be  .uore 

important  to  aake  a  careful  coaoarison  of  his  thernoBeters 

witn  the  Paris  hydrogen  thennOiiQeter.   Tnis  was  the  ob.ject 

of  tne  investigation  here  descrioed.     For  tnis  ouroose 

there  were  secured  three  lonnelot  tnerBOieters  which  had  oeen 

studied  at  tne  International  Bureau,  and  coaoared  witn  their 

standards  at  several  points  of  the  scale.   These  three  were 

coaoared  with  three  of  Rowland's  themoineters,  used  in  his 

.Tiechanical  e:5uivalent  exoeri:Qent.   The  corrections  to  tne 

value  of  the  mechanical  equivalent  found  in  this  way  were 

rataer  siiail.   The  general  result  is  contained  in  Table  17, 

on  pagers.   It  is  also  represented  oy  tne  curves  on  page  Lf^'^. 


s 


2.      Ther.Tio.TietePS  used.   Dimensions  and  oonstants, 


Rowland's  value  of  the  aechanicjal  equivalent  is  tue 
result  of  fourteen  experiaents,  nade  with  four  different 
tner:noneters  in  the  oalori.neter.   In  thirteen  of  tnese  oe  used 
three  thecuo.Tieters  .made  by  Baudin  in  1378  -  77,  and  in  one 
he  used  a  theraoBeter  >nade  by  Welsh  in  1353,  and  called,  in 
Rowland's  oaoer,  tne  Kew  standard.   This  ther:no.-aeter 
belonged  to  the  University  of  Pennsylvania,  and  was  not 
available  for  tnis  coinoarisoa'.   Tne  taree  Baudin  therBOseters 
were  numberea  6163,  6165,  and  6166.   Of  these,  6163  was 
used  in  eight  exDeri-nents,  6185  in  one  experiment,  and 
6166  in  f  our .  exoerioisn ts .   6166  was  also  coaoared  by 
Joule  with  one  of  nis  own  tber nor.eters.   (Rowland,  Proc. 
Am.  Asad.,  16,  p..  33,  1330.) 

loe  tnree  Tonnelot  ther.uo.aeters  were  nunoered  11800, 
11301,  and  11311,  and  were  inade  between  November  1395,  and 
January,  1398.   A  complete  study  of  these  was  made  by  tne 
International  8ureau,  including  a  comparison  at  several 
points  witn  the  standards  of  the  Bureau,  which  had  previous- 
ly oeen  oomoared  with  the  hydrogen  thermometer.   After  this 
study  had  b.een  made,  two  of  them,  Sos.  11800,  and  11311, 
were  unfortunately  oroken  in  transoor tation  to  Baltimore. 
They  were  however,  repaired  oy  the  maker,  an:l,3t  no  addition- 
al expense,  through  the  kindness,  which  seems  habitual,  of  tne 


Bureau,  and  of  'v!.  Guillaume,  a  completely  new  stuay  of  them, 

including  coaiparisons,  was  made.   The  dimensions  and  principal 
constants  of  tnese  thermctneters  and  of  Rowland's  3audin  therm- 
ometers, are  contained  in  the  followini5  table. 

TARLE  1. 

Tonnelot        11300     11301  11311 

"viiddle  of  bulb  to  zero  of  scale.   55.8  nun.    59  am.  '~/^.'t>   nm, 

Length  of  a  degree.               5.86  min.  5.853  an.  3.91  jim. 

Length  of  bulb.                   L^%rr,^          Jo,»vTn.  .'•■■>.  nv^^ 

Total  length.                   701  i.ti.     704.  [n;ii.  o79.  ,ti.ti. 

Value  in  degrees  of  one  division  .0.870604   f.000014  0°.977160 

Coefficient  of  exterior  pressure  0.0001439   .0001159  .0001409 

Coefficient  of  interior  oressure. 0.0001593   .0001313  .0001563 
Extreae  divisions  of  scale 

Baudin  6163 

Middle  of  bulb  to  zero  of  scale.   34  inm. 

Length  of  a  nunioered  division.      l  cm. 

Total  length.                   501  .n:n.    500' .mn.  497  oiiB. 

Value  in  degrees  of  one  centi.neter.l  .114     0.3470  0.779 

Coefficient  of  exterior  pressure.  0.000247  0.000347  0.000411 

Coefficient  of  interior  Dressure.  0.000261  0.000366  0.000431 

Extreaie  divisions  of  scale.  .      ©-48.5    0 — 42.0  0 — 42. 

Diaaieter  of  stea.                ^,i-.«vrK    k-i^^  V.-^^"-^- 


6165    . 

6166 

7   inin. 

3  4   m  m . 

1  cm. 

1   cm. 
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oelOK,  in  Table  2,  is  given  the  results  of  the 
coiflparisons  of  the  three  Tonnelot  theMcmeters  witn  the  stand- 
ards of  the  Bureau.   Eaoh  reading  is  the  average  of  a  good 
many  observations  at  neignboring  temperatures.   The  cclutnn 
headed  "niean  temperature"  gives  the  teinperature  on  the  scale  of 
the  nard  glass  thermometers.   The  second  column  gives  the  corre- 
sponding reading  of  the  Tonnelot  tnerinoneter.   M  means  the  temper- 
ature on  the  mean  scale  of  the  hard  glass  toermometsrs.   These 
departures  from  the  hard  glass  scale  are  corrections  which 
must  be  added  wito  their  sign  cnanged  to  tee  indications  of 
the  tcermometer  to  whicn  they  relate. 

In  the  case  of  Tonnelot  11800,  after  it  ivas  reoaired, 
it  r,o  longer  read  as  high  as  100*,  and  the  fundamental  interval 
could  not  be  determined  in  the  usual  way-.   Tte  valae  of  a  degree 
was  tnerefore  determined  by  comoarisoas  with  the  standards  at 
tnree  different  Doints,  and  froji  these  observations  tne  mean 
value  of  a  degree  was  calculated.   The  table  given  for  this 
thermometer  shows  the  departure  of  its  indications,  v/hen  the 
value  of  a  degree  is  calculated  in  tnis  »ay,  froa  the  standards 
of  the  Bureau.   Tn  tnis  case,  owing  to  the  way  in  which  the 
departure  has  been  calculated,  it  is  to  be  considered  as  a 
correction  ?;hicn  must  be  added  with  tne  same  sign,  to  the 
indications  of  the  thermometer  11800. 


At  tne  end  of  this  oaper  tnere  is  given,  for  the  sake  of 
soinDleter»_ess,  a  table  for  the  Tonnelot  therfflometers,  showing 
the  calioration  corrections  at  tne  princiciai.  ooints,  as  given 
in  the  certificate  of  the  Bureau.   These  corrections  were 
determined  directly  by  the  calibration,  the  corrections  for  the 
intervening  points  being  determined  froa  theai  by  so3ie  nietnoa  of 
interooiation.    TatU  iS    'f:>.^M.,. 

ine   Jonnelot  therniometers  were  made  of  French  "verre  dur" 
with  transparent  ste.ns,  and  were  divided  to  tenths  of  a  degree. 
The  Baudin  toeriouieters  were  divided  into  aiiliTieters,  and  the 
centimeters,  which  corresoonded  in  a  rough  way  to  degrees,  were 
numbered. 

3,  :vianner  in  which  Rowland  used  nis  thermometers. 


In  comoaring  these  various  tfaermoaieters,  it  was  neces- 
sary to  use  them  in  tne  way  in  whTch  they  were  originally  used 
when  they  were  standardized.   The  Tonnelot  tnermomefcers  had  to 

be  used  in  the  manner  described  by  3uillaume_i7i  nis  Thermometrie 

» 

de  Precision,  and  in  the  printed  notice  tuat  came  from  the 

Bureau  witD  the  thermometer  certificates.    Rowland's 

o  T  i"  0  I  Ti  a  U  u 

therinometers  were  not  used  in  the  same  v;ay  when  they  v;ere  com- 
pared with  the  air  thermometer.   The  chief  ooints  of  difference 
are  in  the  corrections  for  internal  and  external  pressure,  and 
in  the  manner  of  taking  and  using  the  zero  ooint.  Tne  oresent 
aetnod,  as  used  at  the  International  Bureau, is  to  determine 
tne  pressure  coefficients  so  that  any  variation  in  the  external 


pressure  froa  the  standard  780  aiii.,  and  any  variation  in  the 
position  of  the  tnsrsoaeters  from  the  oorizontal,  can  oe 
correotea  for.   As  to  tne  zero  point,  tnis  is  always  oalcuiated 
fron  the  zero  determined  immediately  after  eacn  readinfJ  of 
temperature.   Rowland's  nethod,  wnich  ?;as  the  usual  one  at  that 
tiae,  -.vas  to  consider  the  vertical  position  of  the  theriometers 
as  tne  nor^nal  one,  and  to  inake  corrections  for  changes  of  external 
pressure  only  when  they  were  quite  large,  as  y/nen  the  tneriiojieter 
bulo  ivas  iin.-nersed  60  cm.  in  tne  conioarison  tank.   The  zero  point 
was  also  always  detemined  just  before  a  series  of  readings. 
It  Koula  nave  been  most  natural , therefore ^ to  have  compared  the 
Tonnelot  and  Baudin  theraonieters  in  a  vertical  position,  acolying 
to  toe  Tonnelot  ther.noaieters  the  proper  pressure  correction. 
^ut  tr:ere  were  several  difficulties  and  inconveniences  in  the  way 
of  this.   The  chief  one  was  the  difficulty  of  constructing 
a  comparison  tank  sucn  that  the  Tonnelot  theriioaeters  could  be 
quickly  and  easily  reiiioved  for  the  ouroose  of  reaaing  their  zeros. 
Another  difficulty  was  in  reading  the  thermometers.   Rowland's 
original  comparisons  and  use  of  his  theraoineters  were  all  .nade 
by  naked  eye  observations.   Possibly  this  oiethod  is  accurate 
enough  where  the  thermoine ters  are  used  in  tne  ola  way,  as  even 
with  considerable  care  there  are  apt  to  at   irregularities  due 
to  the  uncertain  position  of  the  zero.   But  to  reed  the  tnerai- 
oiieters  accurately,  it  seemed  to  be  necessary  to  use  a  telescope 
and  nicroaieter.   This  could  be  applied  so  .iiuch  acre  conveniently 
to  a  horizontal  tank  than  to  a  vertical  one,  tnat  tnis,  togetner 


lO 


with  the  necessity  for  freguent  reaiovals  inentioned  aoove, 
aiade  the  writer  decide  to  use  a  horizontal  tank.   This  inade 
it  necessary  to  Jieasure  the  interior  pressure  coefficient  of  the 
Baudin  toer-iioaeters,  but  the  nieasureaent  could  be  inade  with 
great  accuracy.   In  eitr,er  case,  a  pressure  correction  would 
nave  to  be  applied  to  one  set  of  tnersonieters,  either  to  the 
Baudin  theraioaeters  used  horizontally,  or  the  Tonnelct  therioniet- 
ers  used  vertically. 

4.   'vlanner  in  sfhich  Tonnelot  tberaoineters  are 
standardized  and  used. 


It  niay  be  wsll  to  explain  here  briefly  how  ther-noiiieters  are 
studied  and  used  at  the  International  Bureau. 

Ine  uniformity  of  the  graduation  is  first  investigated   by 
aieans  of  a  dividing  engine,  and  if  it  is  not  sufficiently  correct 
the  thermoneter  is  re.iected.   Next  a  calibration  is  aade.   This 
determines  the  corrections  to  be  aoolied  to  certain  "orincipal 
points"  of  the  scale,  generally  two  degrees  apart,  in  order  to 
make  the  readings  of  the  taeraiciieter  after  the  correction  has  been 
apolied  ^  what  they  v.'ould  have  been  if  the  tube  had  been  of 
oerfectly  uniforiii  core.   These  corrections  are  generally 
calculated  on  the  system  C-lOO",  that  is, so  that  the  corrections 
at  tne  points  0  and  100°  are  zero.   Next  toe  external  oressure 
coefficient  is  determined  by  sub.iecting  the  thermometer  to 
knovfn  variations  of  pressure,  and  measuring  the  corresDonding 
changes  in  the  reading.   This  pressure  coefficient  generally 


gives  the  number  of  degrees  tne  reading  of  the  tnerao.Tieter  is 
ccanged  by  a  change  in  toe  external  DP.essure  of  1  iim.  of 
mercury.   ?ro.Ti  this  the  interior  pressure  coefficient  is 
calculated  by  adding  toe  quantity  O.DOO  015  4.   This 
quantity  depends  on  the  difference  in  tne  comoressioili ty  of 
mercury  and  of  glass,  ana  is  the  value  for  French  nara  glass. 
It  is  generally  a  small  fraction,  iOi   or  less,  of  the  ivhole 
oressure  coefficient.   It  differs  of  course  soaewnat  for 
different  kinds  of  glass,  out  tois  difference  is  a  still 
smaller  fraction  of  tne  ivhole  oressure  coefficient.   These 
two  coefficients  are  generally  denoted  oy  tne  letters  Q^   and  (3^ 
resoectively . 

The  next  constant  determined  is  tne  fundamental  inter- 

i.t-i  SCaU  divisions 

val,    or   tne  number  of  dec|ree<5   hotv-een    the  0"   and    the  100°   ooint. 

of   Scale   diviSicTv. 

This  gives  the  value  of  the  degree  on  the  Centigrade  scale. 
?rom  all  these  data  the  temperature  on  tee  scale  of  this 
particular  tnermometer  can  be  determined.   When  such  a  tnerm- 
ometer  is  comoared  vita   otners  of  the  same  kind  of  glass,  it 
will,  in  general, agree  very  closely.   The  small  residual 
differences  which  are  found  may  be  due  to  some  small  errors  in 
tee  caiioration,  or  to  a  small  departure  of  tnat  particular 
piece  of  glass  from  the  law  of  expansion  of  the  other  thermometers. 
This  departure,  in  the  case  of  the  Tonnelot  thermometers  used 
in  this  comparison^  is  the  difference  given  in  Table  2.  h  A^. 
A  number  of  toermometers  whose  mean  reading  represents  the 
hard  glass  scale  nave  oeen  coiiioared  with  the  oydrosen  tnerai- 


ometer,  and  ttie  differences  noted.   Tnus  in  the  use  of  a 
hard  glass  theraometer  we  have  a  means  of  .iieasurint?  temper- 
atures on  the  hydrojjen  scale. 

Rowland's  tnerjioaeters  ?;ere  originally  coiiDared  in 
quite  a  different  way.   Tney  were  oalibratea  of  course,  and  the 
relative  voluaes  of  different  oarts  of  the  tube  were  found. 
Tne  aoparent  volume  of  itercury  in  5lass,  wnen  the  therjioneter  is 
in  an  uoright  oosition,  was  assu:iied  to  be  a  function  of  the 
second  degree  of  the  temperature  on  tne  air  therinoffleter. 
Tnis  volume  was  measured  froa  a  constant  zero,  that  is,  a  zero 
Doint  taken  at  the  beginnin-^  of  =  series  of  readings.   The 
theriponeter,  wtien  not  in  use,  remained  at  a  temoerature  of 
froai  13°  to  SO"  G.   Just  before  aaking  a  conparison  it  '.vas  olaced 
in  ice,  and  allowed  to  reiiain  there  for  an  hour  or  two.   Then 
the  oosition  of  the  zero  was  read,  and  tnis  zero  was  used  froan 
whicD  to  estiiiate  toe  suosejuent  readings.   Having  iiade  a 
nuaber  of  comparisons  with  the  air  ther.Tioaeter ,  the  values  of 
the  constants  in  the  formula  of  tne  second  degree  were  deteriiined 
by  the  method  of  least  squares.   F'roa  the  f  oriuula  ^tnen  ,  the  temper- 
ature on  the  air  theraoneter  corresponding  to  each  centiineter  of 
the  scale^could  be  calculated.   In  this  way  Rosviand  constructed 
a  table  for  each  of  the  3audin  therniometers.   Toese  tables  are 
given  on  po.  115-116  of  his  paper  on  the  .necnanical  equivalent. 

Tney  are  reproduced  here  for  convenience,  in  faole  6.     p  .S ^. 

To 

The  corrections  to  reauce^tne  air  ther:iio.iiet8r  ary  deduced 

fron  toe  exoeriaeats  of  Thonsoo  ?i!id  Joule.   They  are  given  here 


as  Roivlana  Jives  the:n  on  page  114  of  nis  oaoer.  (Table  4.   hSn) 
In  Roiviaad's  use  of  the  thernoaefcers,  no  oocL'eotioa  is  aade 
for  interaal  pressure,  as  fchey  are  al.vays  suooosed  to  be  used 
vertioally.   No  corrsotion  is  aacie  for  external  pressure,  except 
in  tne  case  of  the  comparisons  aade  in  the  coinoarison  tank, 
in  whisn  the  bulbs  were  froB  80  to  70  o.-a.    oelow  tne  surface  of 
the  water. 

■5.   Description  of  Instrunents  employed,  and  ^nanner 
of  usin^  tne^n. 


In  carrying  out  tnese  conoarisons,  it  was  found  necessary 
to  construct  several  oieces  of  apparatus.   As  sone  of  tnese  dif-^ 
fered  a  little  fron  any  tnat  nad  been  used  before,  it  will  be 
convenient  to  give  a  short  description  of  then  here. 

a.   Pressure  apparatus. 

The  pressure  coefficisats  were  deter'nined  in  a  aanner 
practically  identical  with  that  described  by  juillaune  in  his 
"I'£ierao.Tietrie  de  Precision",  o.  104.   The  apparatus  used  is 
peoresented  by  the  diagra.n,  Pig.  1.  p.  /O/.    It  consisted  of  a 
vertical  glass  tuoe  about  /,.v  c.ti.  in  dia:i!eter,  in  whicb  the 
thernoaeter  could  be  hang.   Matters  .vere  so  arranged  by  jean? 
-,f  hr.n<;c!  f. hT-^^-v.' a V  tubes  and  stoo-cocks  that  this  tube  could  be 
connected  alternately  with  an  exnausted  bottle,  and  then  witn  tne 
ooen  air,  so  that  the  pressure  could  be  varied  fron  78  cm. 
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to  5   or   8  CB.      Oonneote:}    wibh    the   glass    tube    in   vvbich    the 
ther;no:iieter  hun^   was   a  Beroury   -nanonetep   by   whish   the  change 
in   pressure  sould   oe  leasupea.      The   Lowec   end   of    toe   tube  ooataia- 
in^    tne    thermoiieter  was   Lilis.i   ;vith  aercjupy   so  as   to  be  a  better 
heat-conduotor.        The    tube   itself   diooei    into   a  vessel   of   yfater. 
Tois   vessel   was   wraooea   with  cotton   wool, and    a  little  oil   ?/as 

o4-  line  wo-ler 

placed  on  tne  surface  to  orevent  the  irregular  loss  of  neat  due 
to  evaporation.    The  ;netnod  of  inakin-?  the  measurenents  will  be 
descrio:ed  in  section  6^  p.  ?-f.', 

b.   ?^icpo:Tieter  telescope.. 


The  theraone ters  were  always  read  situ  a  ■nicronetsr 
telescope,   '^'he  only  objection  to  this  is  that  in  soTie  cases  it 
takes  30  nuah  tisie  that  it  is  not  possible  to  _kesp  the  ther^oneter 
at  a  constant  teiaperafcure  long  enough.   So  far  as  the  zero  points. - 
were  concerned,  tnere  was  not  mucn  trouble  in  these  coaiparisons, 
as  tne  highest  te.nperatures  Measured  were  not  above  40°,  aj>d  the 
recovery  of  the  zero  did  not  seen  to  be  sufficiently  raoia,  after 
an  exposure  to  this  teiuperature,  to  prevent  inicroineter  readings. 
In  the  case  of  tne  actual  comparisons,  tne  tank  was  so  constructed 
tnat  here  also  tne  teniperature  renained  constant  long  enough  to 
aia.<e  observations  with  a  microne ter.   The  reading  telescope  used 
was  aade  by  Eauscii  and  Lo;nb,  and  rese:Qbled  outwardly  a  .nicro- 
scooe  tube.   The  object  glass  nad  a  focal  length  of7,5'cai., 
and  it  was  used  at  a  distance  froiii  the  tnemo;neters  of  about 
\%.   cai.   Tne  nicroaeter  was  not  an  eye-piece  aiicroneter,  as  it 
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would  aot  have  oeen  possible  to  avoid  parallax  in  a  telescope 
used  so  near  to  tne  ob.ieot  as  this.   The  ivaoie  teiesoope  ivas 
aiade  to  move  in  ways  ■.■i'aen    the  mioroneter  sorew  was  turned.   In  the 
field  of  view,  in  front  of    tno   ove-oieoe^ were  two  soider  lines, 
arranged  to  oross  at  the  sa:ne  an^le  as  an  X.   Tne  microneter 
sorew  had  a  pitch  of  0.5  mm.  and  the  head  was  graduated  to  0.01>>'^. 
and  oy  estinatioa  of  tenths,  it  oould  be  read  to  0.001  nm.' 
It  ivas  Jiade  by  L.S.  Starrett,of  Atflol,  vlass.,  and  was  simoly  an 
adaotation  of  one  of  nis  sorew  iQicroneters.   Besides  its  coeap- 
ness  due  to  tne  fact  of  its  bein^,  a  co;B:nercial  instrument,  it 
could  be  moved  with  great  rapidity  by  .iieaas  of  tne  small 
soindie  on  the  end.   The  :nicro.neter  telascooe  is  shown  in  Pig. 2.. 
0.  lo3- .    linen    tne  telescooe  was  used  to  read  tne  zero  ooints 
and  aeasure  tne  oressure  coef  f  icieats,  it  ivas  olaced  on  a  frajie 
consisting  of  two  uoright  steel  oars,  1.37  osn.  in  diaineter,  and 
8.3  cm  apart.   Inese  were  fastened  to.  ,a  heavy  iron  base.   See 
Fig.  a,.  D. '03  .   It  foraed  a  sort  of  cathetojneter.   Tne  telescope 
was  constructed  so  that  it  could  oe  quicicly  removed  and  placed 
on  the  ways  of  tne  comparison  tank.    When  reading  tne  tnerm- 
ometers  in  the  "zero  tank",  they  were  made  vertical  by  means  of 
a  plumb  line,  and  tne  telescooe  was  made  noriaontal  oy  means 
of  a  level.   When  this  ad.iustment  had  been  made,  no  appreciable 
difference  could  oe  observed  between  observations  made  with  the 

divisions  in  front  and  taose  with  the  divisions  behind  the  tube.  ) 

.  ■  .  this 

iVhen  readings  were  tai<en  in  the  comparison  tanit,  4±  was  first 

adjusted  by  means  of  a  level  so  that  the  thermometer  stems  were 


norir-jon tai,  and  then  the  telescope  was  ad.iusted  by  aeans  of  a 
level  so  that  its  axis  «as  vertical. 

c.   Gomoarison  tank. 
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Tne  coinparison  tank  was  devised  to  fulfil  the  following- 
requirsaents. 

1.   The  themoneters  .nust  be  easily  reinoved  foe  tne 
purpose  of  taking  zeros. 

3.   They  aust  r-e:nain  at  a  oraotically  constant  te.Tioerature 
for  fonp  or  five  .ninutes. 

5.      Ihev  ;iius't  be  easily  and  auickly  read  by  neans  of  a 
aicroneter  telescope  sliding  on  ways  aoove  the  tank. 

A..    The  suooorts  on  which  tns  thermoneters  rest  oust  be  so 
solid  and  firfily  fastened  to  the  ways  on  which  the  telescope  slides, 
that  there  will  be  no  possibility  of  any  accidental  relative 
action  of  tne  telescope  and  the  tuerttoaeter. 

To  fulfil  the  first  reauirenent,  it  was  decided  to  have  a 
hori:30ntal  tan-c  as  explained  at  the  beginnia,-?  of  this  paper,  (p.^) 
Tne  tank  was  ;Qade  of  sheet  copper  in  tne  forn  of  a  rectangular 
box,  92  ca.  long,  21  cb.  wide,  and  23  cb.  deep.   A  section  of 
it  is  represented  in  F'ig.  3.  p. 'or.   Ttie  top  was  coaiposed  of  a 
aovaole  lid,  uade  of  a  brass  casting.   This  lid  nad  a  flange 
that  was  olaned  on  the  under  side  so  as  to  fit  a  planed  brass 
riiii  forming  tne  top  of  the  sides  of  the  tank.   A  piece  of 
sheet  india-ruober  formed  a  packing  between  the  two  parts  to  ore- 
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vent  the  esoape  of  water.   After  the  lid  nad  been  placed  in 
position,  it  oould  be  screwed  down  tightly  by  means  of  a  numoer 
of  O-claaps  placed  around  the  side.   Tne  Lid  was  .Tiade  in  tne  forna 
of  a  fr-a.ne  holding  a  piece  of  plate  glass,  forming  a  window  through 
which  tne  tneraioaeters  could  oe  read.   As  snown  in  fig.  3  ,  this 
window  was  not  much  aore  tnan  /.f  cm.  f  roai  the  steois  of  tne  theni- 
oineters. 

In  order  to  fulfil  the  second  requireaent,  the  tank  was 
placed  inside  of  a  larger  wooden  box  whose  walls  were  everywhere 
aDout  5  CD.  fro.ii  tne  sides  of  Ihs   tank,  and  the  intervening 
space  was  filled  witn  cotton  ,vool.    Ehis  protectej  tne  tank  very 
well^exceot  at  the  toa  fro:a  too  rapij  a  loss  or  gain  of  neat  froiii 
the  air,  wiien  it  was  at  a  different  teiaoerature  fron  that  of  the 
rooin.   Tne.  layer  of  cotton  did  not  extend  a^uits  up  to  the  top  of 
the  tank.  Ike   aon-conduc ting  layer  above  tnis  ooint  had  to  be 
easily  removaiale  to  allow  tne  removal  of  tne  cover  of  the  tank. 
4  covering  of  felt,  about  two  centinfienters  thicic  was  constructed. 
This  extended  over  all  tne  Darts  of  the  tank  not  protected  by 
tne  cotton,  except  tne  glass  window.   Ihis  nad  to  be  exposed  to 
allow  of  reading  tiie  theraOiQe ters,  but  if  it  had  oeen  necessary, 
tiie  greater  part  of  this  might  have  been  covered  also. 
In  order  still  further  to  protect  the  thermoiaeters  from  any 
change  of  temperature,  the  bulbs  were  placed  inside  «d   a  prass 
oox,  snonn  in  fig.  3  in  the  tank,  and  in  Pig.   p.iorin  :nore 
detail.    Inis  pox  was  JrO.5  cia.  long,   8  cm.  wide,  and  5  cm.  dee(3 
It  was  so  constructed  that  two  lids  on  tne  top,  and  two  on  the 
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botbon  30uld  oe  opened  or  closed  fro-Q  the  outside  of  the 
tank.   Wnile  the  ;vater  was  bein^^  stirred,  in  tne  manner  to  be 
dessrioed  presently,  this  box  i?as  keot  ooen.   As  soon  as  tne  vjater 
had  attained  to  a  unifonn  temperature,  and  everything  ?/as  ready 
to  sake  a  coniDarison,  tne  stirring  was  stopoed,  and  the  lids 
of  the  box  were  closed.   The  bulos  vieve   tnus  shut  off  cosoletely 
froin  anv  covection  currents.    In  this  .nanner  the  tner:iionieters 
could  oe  kept  at  a  constant  teaperature  for  a  considerable  time. 

The  water  was  stirred  by  three  oaddle-wheels,  ooerated 
froa  the  oatside  of  tiie  box  oy  a  crank.   They  are  reoreseated 
in  Fig.  3  ,  .d..-(06'  .   One  of  the  saddle  ?;h.e.eLs  was  immediately 
under  tne  box  containing  toe  bulbs. 

In  order  to  neat  tee  water  in  tne  tank  to  oring  it  to 
any  desired  teiBoerature,  a  orass  tuoe  ran  along  it  fro:a  end  to  end 
near  tne  bottoa.   Inis  aid  not  cO:Tiiaunicate  with  tne  water  of  the 
tank,  but  ooened  into  the  air  at  each  end.   Steas  was  oassed  into 
it  until  the  water  reached  the  te:Tiperature  desired. 

fastened  to  the  lid  of  the  tank  were  upright  brass 
posts  which  held  the  ways  on  which  the  nicroiueter  telescooe 
ran.   The  telescope  had  freedon  to  move  in  two  horizontal 
directions  at  right  angles  to  eacn  otner,  so  that  it  could 
be  olaced  quickly  over  any  part  of  the  tank,  and  used  to  read 
any  tcerinome ter  at  any  part  of  its  scale.   The  themoneters 
rested  on  little  brass  bea:ns  which  were  fastened  to  the  brass 
riKi  of  the  tank.   As  this  rin  was  clanoed  securely  to  the  orass 
lid  wnicb  carried  the  ways,  tne  fourtn  reauirenent  was  secured. 


When  the  tank  was  full  and  the  lid  on,  the  ther:noa9ter  bulbs 
were  about  5,7  cm.  below  the  surfaoe  of  the  water. 


d.   Zero  tank, 
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In  taking  the  zero  Doiats  of  tf.eriio:aeters  in  the  ordinary 
tank,  it  is  necessary  to  plunge  the  theraoneter  dov/n  into  toe 
ice  until  tne  zero  division  is  a  good  deal  beloA-  the  surface, 
so  as  to  lake  sure  tnat  the  stem  is  all  at  the  ceaDerature  of  0° C 
(continued  on  next  oa2e.) 
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Wnen  a  reading  is  made,  the  thei'noneter  is  raised  until  the  zero 
Doint  is  .iU3t  visible,   rtaen  tnis  is  done,  not  only  is  the  stem 
act  to  beco^ae  covered  Kith  water  in  filns  and  drops,  which  make 
it  difficult  to  read  tne  position  of  the  mercury  tnread,  but 
it   is  also  aot  to  become  covered  with  dew,  wnen  tne  laooratory 
room,  as  is  usual  in  this  oo.untry,  is  at  a  temperature  of  from 
16°  to  20*  G.    i'jhen  the  aero  point  is  near  tne  bulb,  there  is 
also,  it  seems  probable,  some  danger  that  a  iittls  warmer  water 
may  trickle  down  the  stem  of  the  thermometer,  and  find  its  way 
to  tne  bulo  in  sufficient  quantity  to  make  a  difference  of  several 
thousandtns  of  a  degree.    In  order  to  do  away  witu  these 
difficulties,  it  was  decided  to  nave  tne  stem  practically  immersed 
in  the  ice  for  seme  distance  above  the  zero  ooint.  and  to  read 
the  zero  tarough  a  tuoe  whica  should  reach,  from  the  side  of  the 
tank  to  t-he. -pari  of  the  stem  where  tiie  .zero  ooint  actually  was. 
A  device  was  therefore  made  use  of  wh-ich  is  represented  in 
Pig.  if  0.  ^^7  •     liie  ice  was  contained  in  a  cylindrical 
copoer  tank,  lined  witn  tin,  35.-5  cm.  hign,  and  15.3  cm.  in 
diameter.   At  the  oottom  there  was  an  ooening  tnrough  '.vnich  the 
excess  of  water  could  be  drawn  off.   At  a  distance  of  7  cm.  from 
the  too  of  the  tank^two  ooenin^s  were  made  at  oooosite  ends  of 
a  diameter,  about  3  cm.  in  diameter.   To  these  there  was  fitted 
in  a  manner  that  it  is  not  necessary  to  describe,  out  so  tnat  it 
could  oe  readily  detached,  a  tuoe  of  nard  rubber  or  ebonite,  2  cm. 
in  inside  diameter.   This  ebonite  tuba  extended  horizontally 
across  the  taai   from  one  side  to  tne  otner,  except  that  at  the 
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center  of  it  tnere  was  a  little  brass  piece  that  held  a  sort  of 
druM,  witn  dru'n-heads  of  pure  sheet  ruooer.   These  were  perfocateJ. 
ivith  s:nall  circular  aoles  in  tne  center,  ana  a  thsr.no.neter  could 
oe  inserted  perpendicularly  through  the:ii  both,   flhen  in  oosition 
the  whole  tank  could  be  filled  witii  water  and  ice,  and  \ery 
liDtle  if  any  water  escaoed  through  the  .joi'its.   As  represented 
in  the  drawing,  the  two  ruob.er  diaphragas,  or  drum-heads,  were 
3.7  ciB.  apart,  ana  a  oorfcion  of  the  ste.n  of  that  lengto  was 
therefore  not  exoosed  to  tne  ice.   I'nis  portion  of  tne  stem 
however,  nust  nave  oeen  nearer  in  temperature,  to  0°  0.  tnan 
±0.1°  0.   because  when  tne  buib  .of  a -saalL  th.er;ao:neter,  which 
could  detect  a  difference  of  0.1*  G.  was  placed  in  tne  air  in 
the  center  of  tnis  eoonite  tube,  and  left  toera  a  short  time, 
it  indicated  a  teaoerature  of  0°  0.  within  less  than  0°.l  3. 
Ihere  was  also  no  dew  deoositei  on  tne  stem,  unless  tnere 
bapDened  to  be  a  draught  of  air  blowing  through  the  roo.n,  as  hao- 
oened  in  one  or  two  cases. 

In  using  tne  tank,  the  ice  was  broken  uo  into  very  fine 
pieces  oy  jieans  of  a  wooden  mallet  in  a  zinc-lined  ?foode,n  box, 
and  transferred  oy  a  tin  scooo  to  tne  zero  tank.   Ordinary 
distilled  water  was  poured  on  it  and  it  was  oaoked  down  closely. 
Before  the  tnernometer  was  inserted,  a  glass  rod  was  used  to 
make  a  hole  in  tne  ice  to  receive  it.   The  thermometer  was  then 
placed  in  position,  and  tne  rest  of  the  tank  was  filled  with 
ice.   The  actual  zero  point  was  generally  observed  aoout  in 
tne  middle  of  the  tube.   The  water  in  the  ics  was  also  generally 


kept  at  about  the   sa.ne  heigbt.   Tne  aotual  height  of  tne  water 
was  measui'ei  by  .neans  of  a  vertical  glass  tube  placed  alongside 
tne  tank,  and  conimunicating  with  the  outlet  tube  at  the  botton. 
A  brass  fraine  was  fastened  to  the  tank,  as  represented  in  tne 
drawing,  to  support  tne  theraoaieter.   A  plu.nb-line  served  to 
ad.iust  it  vertically.   The  zero  tank  nad  three  legs  screwed  to 
a  sooden  base.   Tois  base  was  provided  with  three  thumb-screws 
which  could  be  ad.iustea  so  tuat  the  thsrsaoaeter  was  vertical, 
as  indicated  by    the  olunib-line. 

Tiie  ice  used  was  iuads  artificially  out  of  filtered 
Baltimore  city-water,  oy  the  Diaaiood  Ice  Co.   It  was  frozen 
by  tne  ain.Tionia  process  in  long  and  deeo,  but  narrow  tanks,  ivitn 
flat  sides.   Tne  freezing  oroceeaed  froB  the  flat  sides  towarJs 
tne  center,  and  tne  ice  forned  in  this  way  is  very  Dure  and  clear. 
Most  of  tne  iiDurities  in  tne  water  renain  in  the  unfrozen  water 
in  tne  center  of  tne  tank.   Before  all  the  water  is  frozen,  tne 
orocess  is  stoooed,  and  tne  dirty  water  drawn  off.   In  order  to 
get  sone  idea  of  the  purity  of  this  ice,  Or.  H.G.  Jones  of  the 
-Johns  Hookins  Oniversity  very  kindly  measured  for  ;ne,iD  round 
nuabers,tne  specific  conductivity  of  the  water  :nelted  fro.n  it, 
and  at  the  sane  tine,  for  comparison,  the  conductivity  of 
ordinary  tap-'.vater,-tne  kind  fro:n  whicn  tne  ice  had  oeen  .nade,- 
of  ordinary  distilled  water,  and  of  sone  water  tnat  nad  been 
been  distilled  witn  soeciai  precautions  in  a  olock  tin 
condenser,  etc.    Eelow  is  given,  a  taole,  (Table  S^    ),  p.lr'^)- 
SQOwing  in  round  numbers,  tne  soecific  conductivity,  the 
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dilution,  and  the  corresponding  lepression  of  tne  freezing 

ooint,  assuming  that  the  iapurity  is  sodiun  chloride,  and  also 

on  the  assumption  that  it  is  am^noniua  hydroxide.   The  notation 

used  is  tnat  of  Ostwald's  Allge.iieine  Oneiiie,  vol.  3  part  1,  Gnao, 

5,  0.  631.   Tne  constants  were  also  oDtained  fron  this  chaoter. 

The  notation  is 

u^    -     jiolecuiar  conductivity,  at  dilution  v.   ^  k.  v/ 

k  =   soeciiic  conduct! vitv.   —  -tx^ 

V 

V  =   dilution,  tnat  is  the  nunber  of  liters  to  a 

graai-aolecule.  -^     "^ 

"J, 7'' (^- degression  cif  the  freezing  ooint,  suoposiag  the 

case  of  a  biniary  electrolyte,  ana  complete 

dissociation,  at  a  dilution  of  1  gram-aolecule 

oer  liter. 

LS     ~     deoression  of  tne  freezing  ooiat  at  tee  dilations 

calculated,  for  tae  substances  assumed. 
Table  S. 

Taci-,vater. 

Ice  water. 

Ordinary  distilled  water. 

Special  distilled  tfater. 


No. 

CI 

N  rt^o  rt 

k_ 

V 

A 

V            A 

,)  to 

/ 

t  ,  io  V 

IC^CI  0                  ,  t    0  L 

,0   1  b 

C. 

,000  (3 

mx  c.\>     _  o«.<.c 

.0  0  S 

^.,t  ■■' 

0  0  0"T- 

s-i~nn,      ,(>oov<f   ai>N  • 


Of   course    tnese  nuoioers   .nust   be  considered   as   only 
rough   approxi:nations,    but    they   give   a  good   idea  of    the   curity   of 
the   ice   used,    ana    tnat    tne   error  caused   by   i-noare   ice   was   a 
little    too   s.nall    to   affect   tne   neasurenen ts   oiade.        The   water  from 
the  .nelted   ice  was   tested   for  anaonia,    and   onlv  a     trace 


;as  found,  so  it  is  srooaols  that  the  iaiourity  in  the  water 
lausing  t.ie  conduetivity  was  not  a;n:iionia. 


8.  Pressure  3oef f icien ts. 
a.   Exterior  oressure  coefficient. 

In  citeasuring  tne  exterior  pressure  coefficient  ivith  the 
apoaratus  described  on  d.'3  ,  the  water  in  tne  vessel  around 
the  tube  containing  tne  thernoineter  was  ta-cen  several  degrees 
colder  than  the  air  of  the  roo;n.   Tiiis  caused  a  gradual  rise  of 
teaperature  of  tne  tcer.no.aetsr,  and  prevented  errors  due  to  a 
falling  meniscus.   Tne  thernoneters  in  tais  case  also  were  read 
?;ith  the  Bicro:n9ter  telescope,  as  tne  rise  of  temperature  was  not 
sufficiently  rapid  to  orevent  aitogetner  its  use,  but  the  accura- 
cy attainaole  was  not  of  course  as  great  as  in  tne  case  of  a 
reading  at  a  stationary  teaioerature.   The  great  quickness  A'itn 
whicn  tne  micrometer  could  be  moved  and  set  was  tne  only  excuse 
for  usin^  it. 

The  measuremsnt  of  the  pressure  coefficient  was  conducted 
in  tne  following  manner.   Saving  olaced  the  thermometer  in 
position,  with  tne  water  in  the  vessel  around  tne  tnernometer 
a  few  degrees  cooler  than  the  room,  and  the  oottle  naving  been 
oreviously  exnausted  of  air  to  a  pressure  of  about  4  to  8  cm. 
by  means  of  a  water  pump,  readings  were  begun.   First  a  reading 
was  taken  at  tne  atmosoneric  pressure.   Tnen  the  tube  containing 
the  thernoneter  was  ■  connected  jrith  the  nanometer  and  the  exhausteq. 
bottle,  and  after  waiting  a  sufficient  interval  to  allow  tne 
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meniscus  to  beoone  a  rising  one,  which  interval  was  occuoiea  in 
reading  the  nanoi^eter,  another  reading  was  taken.   Then  the 
aianoiiieter  and  bottle  were  cut  off,  and  the  at.iiosDheric  oressure 
again  admitted  to  tne  tube,  and  a  third  reading  taken.   foe 
intention  was  to  nake  readings  at  aoout  e-jual  intervals,  although 
tnese  intervals  were  not  .measured  except  by  estimation.   In  reduc- 
ing tne  observations,  tne  readings  at  atmospheric  ores  ;ure  ivere 
taken  in  pairs,  one  on  each  side  of  a  reading  at  reduced  pressure, 
and  the  average  of  tnese  two  was  compared  with  the  reading  at 
reduced  pressure  in.  .between.   Ihis  gave  tne  difference  in  height 
of  tne  aercury  coluan  dae  to  tne  pressare  measured  by  tne 
:nano;neter.   This  orocess  of  iiLeasareaent  was  reseated  aany  tiaes, 
as  snown  in  the  table,  (Taole  6  P. 5"?).    The  suoi  of  one 
differences  of  tne  taer.ao;aeter  readings  was  divided  by  the  su;n 
of  tne  oressures  observed,  ana  tne  quotient  is  tae  coefficient 
of  exterior  cressure,  S^  .   Tne  crooable  error  was  also  cal- 
culated, following  ouillaurae.   It  gave  an  idea  of  the  accuracy 
of  the  neasureaent.    The  table,  ;^o.  ^,  D.  "ii^?  .gives  the 
neasureaen ts  aade  on  the  tnree  Baudin  thernoineters.   The  results 
are  as  follows,  tae  unit  being  degrees  depression  due  to  a 
oressure  of  1  uti.  of  aercury.   ?or  convenience,  tne  cen ti.neters 
on  the  stein  of  the  3audin  themone ters  are  called  degrees. 

For  Saudin  6183.    p^  ~   o.  oco  rv-7 

For  Baudin  6165.   /^^  -      6  .00c  3^-7 

For  Saudin  6168. 


Q^^     0   o  o  c  «+  /  / 
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b.   Interior  oressure  coefficient. 

In  gettin-?  the  coefficient  of  internal  oressure,  the 
International  bureau,  as  mentioned  oefore,  calculates  it  fro:Q 
the  external  pressure  coefficient.   It  differs  fron  it  by  a 
saiall  quantity.   When  tne  theraoioeter  is  ;Qade  of  Frenjb  hard 
glass,  and  is  graduated  in  degrees,  the  coefficient  of  internal 
pressure  is  connected  .vith  the  external  coefficient  by  the 
equation 

y/here  tne  unit  of  aeasurejient  is  degrees  Centigrade  per 
aillineter  of  Jiercury  pressure.   Fart  of  tnis  coefficient 
depends  on  toe  cuoical  ooiTioression.  of  Jieroury,  and  oart  on  toat 
of  tne  glass.   Thb  Baudin  tberinoiiieters  are  not  loade  of  French 
hard  glass,  but  it  is  prooable  tnat  tnis  difference  would  not  oe 
nucn  changed  oy  tnis  fact.   Fne  sane  value  nas  therefore  oeen  used, 
It  Tiust  oe  reae.TiDered  tnat  the  -Baudin  tnerraoneters  are  not 
graduated  in  degrees,  out  in  centiineters.   The  values  of  the 
degree  in  the  unit  of  division  of  the  sten,  that  is,  in  centimet- 
ers, are  as  follows: 

H'or  Baudin  6164,    0.897'^  "^ri.  —  c\ 

For  Baudin  6165     1.1805  en.   =  ^ 

Por  3audin  6186,    1.3836  cm.    -  ^ 
The  reciprocals  of  these  nuaoers  would  give  the  nu:nber  of 
degrees  corresponding  to  a  centinetar.    In  the  case  of  these 
3audin  thermometers,  inste?»l  of  tne  relation  given  above,  we 
would  have,  if   k  =  0.000  015  4 


Pc  ^-ft.+     =^  ^ 


For  Saudin  8163 
For  Baud  in  6165, 
For  Saudin  6166, 


to       OO  O    'L  (o    } 

Q      o  oo  i  t  fe 

Q  O  O  O    >-/-  3    I 


Jais   gives  therefore,  for  the  tnree  thermometers,  toe  follow- 
ing values  of   A- 

There  is  no  douot  that  it  would  be  oetter  to  find 
tnis  ooeffioient  by  experineot.   fhis  is  so.'neti.nes  done,  as 
desorioed  in  Vol.  1,  of  tne  iViss.  Abhand.  PJiys,  lech,  Keichanstalt, 
at  Gharlot-t-enburg.   The  ;aetnoi  is  to  place  tne  tneraioueter  in  a 
hypsoieter  which  can  be  placed  and  the  therinometer  read  either 
vertically  or  horizontally.   Tne  errors  of  caoillarity,  etc., 
Bust  cone  in  to  a  considerable  extent  in  tnis  jietnod.   The 
Reicnanstalt  measured  /S-  in  several  thernoitieters,  and  obtained 
the  following  results  for  the  difference  of  tne  trfo  coefficients. 
These  differ  a  good  deal  fro^ii  the  theoretical  value,  but  it  seeins 
as  if  this  difference  aight  be  aore  easily  due  to  errors  in 
measuring  the  value  of  |5^  than  to  a  real  difference.  Tatle  7,  p.(?3. 
The  table  is  taken  from  o.  79  of  the  voluiie  mentioned  above. 


7.   Manner  of  making  the  co'DDarisons, 


In  conpapin^  a  Tonnelot  ther:no:flete!?  with  one  of  tne 
3au3in  tuer:no:iieters,  the  Baudin  was  placed  first  in  ice  for 
aoout  two  or  three  hours.   Its  zero  ooint  was  tnen  read  by  'iieans 
of  the  inicpo.neter  telescooe  three  or  four  ti;nes  in   succession, 
and  tne  average  reading  taken.    In  the  oiean  tiiQe,  the  water  in 
the  comparison  tanlc,  having  been  cooled  to  aoout  10°  or  lower, 
the  daudin  and  one  of  tne  Tonnelot  therraoneters  were  placed  in 
the  tank.   The  top  of  tne  tank  was  put  on,  and  the  water  was 
thoroughly  stirred  with  the  inner  box  containing  tne  oulbs 
open.   As  long  as  the  temperature  of.  the  water  in  tne  tank  was 
lower  than  tnat  of  the  rooin,  it  of  course  rose  very  slowly  while 
tne  stirring  went  on.   This  sufficed  to  aake  the  thermometers 
always  reach  any  given  temoerature  with  a  rising  .tieniscus. 
As  soon  as  the  water  was  thoroughly  lixed,  the  stirring  was 
stooped  and  the  inner  box  immediately  closed.   k   micrometer 
reading  of  tne  position  of  the  mercury  tnread  on  one  of  the 
thermometers  was  then  taken  quickly,  the  telescooe  shifted  to 
tne  other  thermometer,  and  a  reading  taken  of  it.   A  second 
reading  of  botn  thermometers  was  also  taken.   Of  course  the 
first  readings  were  the  most  reliable,  but  when  there  was  no 
delay,  there  was  hardly  ever  any  appreciable  change  of  temperat- 
ure oDserved  on  reading  the  second  time,  except  sometimes  at  tne 
extreme  temoerature  of  40°.   The  second  reading  was  taken 
more  as  a  check  on  the  first  to  make  sure  there  was  no  error 


H 


in  reading,  etc.,  but  it  generally,  although  not  always^ agreed 
30  well  with  the  first  tftat  it  was  al.nost  always  averaged  up 
with  it.   Tne  difference  between  the  two  readings  taken  in  this 
way  nardly  ever  aaountei  to  inore  tftan  O^OOl,  and  was  usually  less. 
A  large  part  of  tnis  was  oertainly  due  to  the  difficulty  of 
setting  on  the  division  lines,  and  not  to  any  change  in  the  thera- 
oieters,  as  equally  large  errors  were  made  in  Measuring  the 
distance  aoart  of  tne  division  lines.   These  division  lines  on 
the  Saudin  taer;iiO:Tieters  occuoied  quite  a  large  part  of  the 
interval  between  two  successive  lines,  say  about  0,07  aiiii.  out  of 
1  aim. 

Having  made  tnis  observation  at  a  certain  temperature, 
tne  inner  box  was  opened,  the  water  stirred  up  again,  and 
anotner  coaparison  nade  in  the  saae  way.   This  ivould  be  of 
course  at  a  slightly  higher  te.nperature.   These  readings  at  two 
nearby  temperatures  were  averaged  and  the  average  regarded  as 
one  reading.   A'hen  the  temperatures  were  higher  tnan  that  of 
the  roo.-n,  the  only  difference  made  was  that  steain  was  passed 
into  the  heating  tube  .iust  before  a  reading  was,  takeo.   The 
water  was  stirred,  and  tne  ther:iiOineters  wece  brougnt  to  the  pos- 
ition in  which  they  were  to  oe  read  with  a  rising  meniscus, 
and  not  with  a  falling  one.   This  was  nade  very  sure  by  observing 
one  of  tne  theraoneters  through  the  telescope  while  the  heat- 
ing and  stirring  was  goin2  on.    Having  aiade  two  ooservations 
at  nearPy  temperatures,  tne  too  of  the  tank  was  removed,  and 
tne  lonnelot  thermometer  taken  out  and  its  zero  determined. 


The  Tonnelot  was  then  replaced,  the  top  of  the  tank  out  on, 
the  water  heated,  and  a  comoarison  made  in  the  sa^e  way  at  the 
next  tenoerafcuae.   It  was  not  DOBsible  conveniently  to  make 
many  comparisons  at  aany  points  in  one  day.   The  intention  was 
therefore  to  take  ooservations  roughly  at  10°,  20°,  50°,  and  40°. 
This  was  only  approxi;nately  carried  out,  as  it  so.netines  becaais 
convenient  for  a  good  many  reasons  to  use  temperatures  intermed- 
iate to  these. 

8.   Gomoarisons  made,  and  resulting  curves. 

The  following  series  of  comDarisons  were  made,  not  how- 
ever in  the  order  here  described.   At  the  end  of  the  oaper  will 
be  given  .the  original  micrometer  readings  ia  tne  case  of  one 
of  tne  camaarisons  so  as  to  show  the  manner  of  working  uo  the 
results.   In  the  other  cases,  however,  only  the  actual  readings  of 
the  thermometers  as  deduced  from  the  micrometer  readings  will  be 
given. 

Two  comparison  were  made  between  Tonnelot  11301  and  Ton- 
nelot 11811,  and  three  between  Tonnelot  11800  and  Tonnelot  11811. 
In  one  of  the  latter  comparisons,  tne  thermometer  11311  became 
accidentally  heated  up  to  30°  oefore  a  reading  at  30°  was  taken, 
and  for  this  reason,  on  account  of  the  recovery  of  the  zero 
being  in  progress  while  tne  comparison  was  being  made,  it  was 
thought  probable  that  some  irregularity  would  be  snown.   This 
proved  to  be  the  case,  so  this  comparison,  that  of  31  Aorii, 
was  re.iected.   In  comparing  the  Tonnelot  thermometers,  they  were 


always  plaoed  in  ice  for  some  hours  before  the  conioarisons  were 
begun,  in  case  the  first  temperatures  used  were  lovjer  tnan  tne 
temperature  to  which  the  tner;iio:neter  nad  b.tsn  exposed  for  sorae 
tiaie  previously,  so  taat  tne  recovery  of  tne  zero  mignt  nave  a 
chance  to  proceed  as  far  as  possible  before  tne  comoarisons  were 
begun.   Toe  results  of  the  comparisons  of  tne  I'onnelot  thernometeTS 
with  each  other  are  given  on  c.C^'f,  Taole  %     ,  ana  the  curves 
cor;iespondiag  are  given  on  0.^/5".   The  carves  of  tne  differences 
between  tne  tnernoaeters  in  each  pair  were  plotted,  and  from  tnese 
a  smooth  curve  was  drawn  in  each  case,  and  the  ordinates  tabulated 
on  p.'/if- ,  fable  Q  .   Pro.n  these,  a  table  of  corrections  was 
drawn  uo  for  every  degree  of  the  scale,  so  that  tne  indications 
of  lonnelot  11300  and  Tonnelot  11311,  tne  repaired  thermofneters, 
could  be  reduced  to  tiiose  of  11801.   The  corrections  were 
generally  rather  small,  amountiiig  to  only  a  few  tnousandtns  of 
a  degree  in  most  cases.   Tnese  are  given  in  Taole  ^.p.  TV  • 

i^ext  a  series  of  comparisons  was  made  of  eacn  Tonnelot 
tnermoaeter  with  each  Baudin.   The  original  and  reduced  readings 
of  these  comparisons  are  given  in  toe  table  lu,  p,'7  ^  .   The  differ- 
ences between  tne  lonnelot  ana  the  §audin  tAeraoneters  were 
regarded  as  corrections  to  oe  applied  to  tne  Baudin  tnermometers 
when  reduced  to  tne  aosolute  scale  by  Rowland's  table,  to  make 
tnea  agree  with  tne  Tonnelot  hydrogen  scale.   In  calculating 
temperatures  on  tne  hydrogen  scale,  the  corrections  supplied 
by  tne  International  iureas  were  applied,  and  finally  these 
readings  were  corrected  by  tne  differences  found  between  the 


Tonnelot  theiMio:ne ters  by  the  direct  comparison  together. 
These  final  corrected  values,  as  given  in  TableJ).  p.?/  ,  were 
used  to  Dlot  correction  curves  for  each  Baudin  tner.noneter,  as 
shown  on  p.  ^7^  .   One  comparison  was  iuade  between  eacn  possible 
pair,  and  finally  an  additional  one  oetween  Tonnelot  11801,  and 
Baudin  616.3.   At  tne  time  this  latter  was  made,  the  Baudin  had 
not  recovered  yet  from  the  deoression  of  its  zero  caused  by  its 
having  been  in  use  six  days  before  at  a  temperature  of  40°. 
Its  curve  differed  fro;n  the  others  in  tne  R-ay  that  might  have 
been  expected,  but,  as  it  had  the  same  general  form,  it  was  regard- 
ed as  a  verification  of  the  otners,  altnough  it  was  re.iected 
because  orooer  allowance  could  not  be  iiade  for  tne  abnormal 
depression  of  the  2.ero  point.   Tnese  comparisons  toerefore  gave 
three  curves  for  each  Baudin  thennoineter,  each  one  aorresponding 
to  one  of  the  Tonnelot  thermometers.   The  curves  as  drawn  show 
only  tne  points  found  by  observation  connected  oy  straight  lines. 
Prom  these  curves,  or  ratner  from  the  equivalent  smootn  curves 
an  average  curve  for  each  Baudin  tnermometer  rfas  drawn,  as  repres- 
ented on  p.  '-fV-   'Ihis  gave  the  final  correction  curve  for 
each  Baudin  thermoineter.   The  ordinates  corresponding  are  given 
in  Taole  ;  i,  p.  ^'^f.   These  ordinates  represent  tne  average  value 
of  tne  correction  that  must  be  applied  to  tne  indications  of 
the  Baudin  thermometers,  when  reduced  py  Rowland's  taole,  p.2  5~. 
to  tne  aosolute  scale,  to  make  tnem  agree  with  the  hydrogen 
scale  as  represented  by  tne  Tonnelot  tnermometer  11301. 
These  were  finally  used  to  calculate  the  effect  on  the  value 


of  the  mechanical  equivalent  of  neat,  in  the  way  to  be  exolained 
presently. 

In  order  to  get  a  still  further  check  on  the  comparisons, 
the  three  Baudin  tnemoneters  were  placed  in  tne  tank  at  the 
sa.Tie  tine,  and  a  series  of  coinparisons  wa-S-  .nade  between  them 
in  pairs.   The  zeros  were  all  deteraiined  in  the  usual  way  before 
the  series  was  begun.   In  tne  neighborhood  of  each  tenioerature, 
comoarisons  were  oiade  in  three  pairs.   6165  was  compared  with 
8165,  the  s?ater  sas  stirred  up,  and  at  a  temperature  only  slightlv 
different,  6185  was  compared  with  6186.   Inen  at  a  tnird  temper- 
ature only  sligotly  different  from  this,  6183  was  compared  with 
6166.   Of  course  at  tnese  tnree  temperatures  whicn  are  practic- 
ally tne  same,  tne  third  comparison  ought  to  show  an  agreement 
with  the  other  t»fo.   Galling  Bg ,  6^,   and  B^,  the  tnree  reduced 
readings  compared,  leaving  out  of  account  the  slight  difference, 
se  get  a  measurement  ol-  Q^-  Q    )    ,Q   -  Q^-^ani    tnen  of  G^  -  6^^ 
If  no  error  had  peen  made,  tne  relation  would  hold 

This  was  never  exactly  the  case.   Tne  difference  was  distribut- 
ed over  the  three  measurements  vfhere  it  was  enough  to  amount  to 
more  tban  0.001  C,  so  that  tne  observations  would  be  concord- 
ant.  Tne  comparisons  of  toese  tnree  thermometers  made  in  this 
way  agree  practically  with  the  comparisons  made  indirectly 
through  the  three  ionnelot  t;ier aoaeters.   Toe  results  are  given 
in  Table  ['2>  ,    p.^(q  .    To  snow  tne  agreement,  curves  were 
drawn  representing  the  comparisons  on  toe  same  plan  as  tne 
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correction  curves  before  sho«n,  p  ¥~}.        I'ne  correction  curve  of 
Baudin  61S5  was  assumed,  and  froji  this  tne  correction  curves  of 
the  otner  tneraoaeters  'Keve   deduced  froji  tne  comparison  nade. 
Tnese  curves  are  shoivn  on  tne  saae  sheet  as  the  .nean  correction 
curves,  p. '^7.    A  Uo  To.bl^   t^f.      p.?.'!^. 

9.   Calculation  of  the  effect  on  Rowland's  value 
of  the  Mechanical  eauivalent  of  neat. 


In  order  to  estiaate  the  effect  on  the  value  of  the 
necnanical  equivalent  of  neat  of  asolying  tnese  corrections  to  tne 
Baudin  tnernoaeters,  tne  experi-nents  made  on  each  thermo.aeter,  and 
the  corrections  for  each  thernonetee, were  considered  separately. 
Rowiana  ^ives  a  taole  on  p.  192  ,of  his  oaper  on  the  mechanical 
equivalent,  giving  .the  niechanical  equivalent,  in  kilogram-meters 
at  Baltimore,  each  value,  calculated  from  a  rise  of  10°  in  tne 
temperature.   Ihis  taole  is  given  here  on  p-S^.  Table  f5T, 
the  experinents  being  classified, however ^according  to  the  therm- 
ometer used.   From  this  table,  at  each  temperatiu-e,  ana  for  each 
thermometer  separately,  tne  mean  value  of  the  mechanical  equiva- 
lent was  deduced.  Rowland's  value  of  the  mechanical  equivalent 
was  deduced  from  an  equation  of  the  form 
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where  fl     is  a  certain  number  of  ergs.   J  at  12",  for  example, 
was  calculated  from  the  value  of  W  in  going  from  7°  to  17"  C. 
That  is, 


X   - 
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If  C  and  C_  are  the  corrections  found  for  the  readings 
on  tfie  Baudin  thermometer,  to  reduce  tneji  to  tue  hydrogen 
scale,  these  corrections  applied  to  the  value  of  J^   v/ill 
give  the  corrected  value  of  -J,  which  we  have  called  J^^. 


This  gives 


J.  - 


w 


w 


W 
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nhen  C,  -  C  is  very  s.iiall,  as  is  always  the 
case  in  these  corrections,  this  nav  be  written, 

Ihis  conversion  factor,  F  ,  was  calculated  for  each  degree  of 
the  scale  where  it  was  necessary,  and  for  eacn  therniOiiieter, 
and  the  corresDondinj<  value  of  J  calculated.   Then, taking 
account  of  the  nuinber  of  observations  on  each  theriiometer, 
used  in  getting  the  average  value  of  -J  ,  tnese  corrected 
values  were  averaged  for  each  degree  at  which  observations 
were  sade.   *Ihe  resulting  values  are  given  in  lable/(,,  p  7/  • 
These  values  were  clotted,  and  a  smooth  curve  drawn  in  the 
neighborhood  of  the  points.   The  ordinates  deduced  from  this 
s.Tiootn  curve  give  the  corrected  value  of  the  iDechanical 
equivalent  in  kilograin-nieters  at  Baltia.ore,  as  deduced 
from  the  comparisons  described  here.   Table  it^  p.  9'  • 
The  curves  on  d.V^  show  the  final  values  given  by  Rowland, 
deduced  from  a  saooth  curve,  and  the  corrected  values. 
On  p.tf^  the  sajie  curves  are  drawn,  but  the  ordinates  are 
reduced  to  their  value  in  the  C.G.v".  svste.ii.   On  the  same 


diagram  are  given  the   values  obtained  by  Griffiths,  correct- 
ing his  value  to  the  hydrogen  scale.   Schuster  and  Sannon's 
value  is  also  sbov;n  on  the  saaie  diagram. 

Griffiths'  value  of  the  mechanical  eauivalent, 
after  having  several  small  corrections  apDlied,  is  given  by 
him  as 

J  =  4.19B  (  1  -  0.000266f  t"  -  15°))  ^   lo'' 
Detween  15°  and  go"*  0..  in  C.G.S.  units,  on  the  Paris 
nitrogen  scale.    (Phil.  :viag.,  40.4^7,  and  457,  1895.) 
To  reduce  to  the  hydrogen  scale,  the  calculation  was  oiade 
as  follows. 
Let 


scale, 


•J^  =  tne  necnanical  eouivalent  on  the  nitrogen 


J^   =  the  mechanical  souivalent  on  the  hvdrogen 

H 


scale. 

fpoai    the  definition  of    the  aechanical   equivalent,    we   have 


dv\l 
'\~      cLr 


At  each  point  of  the  scale,  let 


iw     ^^    iyj     r- 
dt^ ,  =  Rdt^   J.  I  =  — .  o^  Til  =  —  --  I 


Also,   R  = 


dJr, 


Values  of   R  ?;ere  calculated  for  a  nuaiber  of  ooints  of  the 
scale,  fros  the  tables  given  by  Guillaunie,  "Thericoinetrie 
de  Precision",   p.  858,  giving  the  differences  between  the 
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nitrogen  and  nydrogen  scales,  iro.ii  the  experiments  of 
Ghappuis.   These  values  are  as  lollows: 


t   2°, 

,  5 

h   =   1.0006 

7°, 

.5 

1.0006 

10» 

1.0005 

l2^ 

.5 

1 . 0004 

17», 

.5 

1.0004 

20° 

1 . 0005 

ZZ" . 

.6 

1.0002 

Zd" 

i.OOOl 

Z7° 

.5 

1. 

?ro.ii  these  values  of  R  and  froni  Griffiths'  forinula,  we  get 
tne  following  values  of  toe  inechanical  eouivalent; 


Niti-ogen   so. 

ale 

nydr-ogen  scale 

At 

xr 

4.198  X   10^ 

4.1997   X  10^ 

30° 

4.192   X   10^ 

4.1933    X   10^ 

35° 

4.137   X   10'' 

4.1374   X   10^ 

Tnese  are  tne  values  used  to  olot  the  curve  on  o.  '/f ^  . 
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10.      Schuster's  indirect  coaioarison  of  Baudin  8166 
with  the  Paris  nitro!;?en  thennoaieter. 

Before  tne  coinoarisons  described  here,  one  of  Row- 
land's tneraioineters  had  already  been  compared  indirectly 
with  the  Paris  nitrogen  therm cueter.   In  the  suminer  of 
1379,  Joule  hisself  Jiade  a  comparison  of  Rowland's  therra- 
Ofleter,  Baudin  6166,  with  his  thernioiiieter,  and  tne  results 
were  ouolisned  ov  Rowland  in  t,hp  Proceedings  of  the  Aierican 
Acadeay,  7ol.  16,  o.  33,  1380  -31.   In  1392  -94,  Scnuster 
nade  a  comparison  of  -Joule's  ther-iiciieter  with  a  Tonnelot 
ther;iic.iieter  which  nad  oeen  standardized  cy  tne  International 
Bureau,  and  he  reduced  tne  indications  of  the  Joule  therjuOiiiet- 
er  to  the  Paris  nitrogen  scale.   (Schuster,  Pnil.  Vlag.  39.477 
1395).   These  two  coaiDarisons  should  give  a  means  of 
reducing  the  indications  of  Rowland's  themiojieter  to  the 
Paris  nitrogen  or  hydrogen  scale. 

In  discussing  Joule's  comparison,  Rowland  derived 
an  equation  giving  the  teinpera ture  on  tne  air  tneraioineter, 
calculated  froaii  his  Baudin  6166,  as  a  function  of  the 
second  degree  of  the  temperature  on  Joule's  thermometer. 
Tne  writer  however  found  it  acre  convenient,  for  the  oresent 
Durpose,  to  use  a  graphic  aaetnod.    All  tne  ooservations, 
therefore,  were  plotted  on  coordinate  paper,  graduated  to 
millimeters,  as  represented  on  d.  5o.  Tne  abscissae  are 
temperatures  on  the  air  thermometer,  according  to  6166, 
each  degree  being  represented  by  5  am.   Tne  ordinates  are 
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values   of    the   excess   of    the   readings   of  Joule's    theraooieter 
above    those   of    nowland's   air    tneraioieter.      For    the  ordinates 
each  iriilliaieter   represents  0.001.  Through   tne  ooints   thus 

clotted,    a   smooth   curve   was   drawn,    passing  necessarily    through 
the   zero  point.      Ihis  curve   is   the  one  called     Tj  -  T^^ 
where     I'       aeans    toe   teoioerature   as   given   by  -Joule's    therni- 
OiTieter.    and   ToAtbe   teaoeratu''-^  b"   R'^v.-iapd's   air    thermoieter. 
?r03i   Schuster's   cosioarison   were   taken,    icr  a   numb.er   of   points 
on    the   scale,    the  differences   between   the   readings   of 
•Joule's    therniometer   aiTd    the   Paris   nitrogen   theraioaieter. 
These  differences   are  values   of    the  quantity    that  can   be 
called   conveniently        F       -   1:^.        Suotracting    tne  values   of 
this  quantity   at   eacn   point   from    tee  ordinates   of    tne  curve 
r^     -    i'   .    ,    '.ve  get   a   series   of   ordinates   revresenting 
points   on   tne  curve      V    cs  ~  T^^^  j  tnus 

Tdese  ooints   were   rather   scattered,    out   a  curve   was  drawn 
estimating   oy   tbe  eye   as   nearly   as   possible   its   orooer 
place.      This  curve   represents   the   excess   of    the   indications 
of    the  Paris   nitrogen    thermometer   over    those  of   Rowland's 
air    tberuiometer,    as   given   by   caudin  6168,    through   the 
indirect  comoari  son   oy   aeans   of   Joule's    thermorrieter. 


On   the   saae   sheet    there  was   next  draivn   a  curve,         /.,    ~  I 
in   wnich    toe  ordinates   represent   tne  corrections    tnat 
Ro/.'land   a^jclisd    to   his   air    tiierinonstar   scale   to   reduce   it 
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to  tne  absolute  scale.   To  each  ord.i-n.ate  of  this  curve  was 
aaaed  the  ordinate  of  the  curve  ^^  -  T^^  as  givea 
by  tae  curve  in  this  oaoer,  p.  ^7  •  This  .^ives 


'U,  I  Rf,        ^ 


\'\..-\~\^ 


which  is  tne  excess  of  tne  Paris  hydrogen  scale  above  the 
indications  of  Rowland's  air  ther:iioiieter  scale.   To  each  of 
these  ordiaates  there  .vas  added  the  values  of  T^-  T^ 
tne  excess-  of  the  nitrogen  over  the  nydrogen  scale,  as 
given  in  3uillau:iie,  "Iner.nO:aetrie  de  Precision",  0.    353. 
This  5ives 

/.hicn  .Tieans  tne  excess  of  tae  readings  of  the  Paris  nitrogen 
ther;noaeter,  as  given  by  the  lonnelot  11301,  over  Ro'A'land's 
air  theraoneter  scale,  as  given,  by  Baudin  5186.   If  no 
error  of  any  kind  had  oeen  nade  in  the  coniparisons,  these 
two  curves,  (^T  1^  -  T  |  andl  E'   -  T  ]  vvould  agree.   The  foraer 
is,  Qorfever,  consiaeraoly  higher  than  tne  latter,  although 
it  is  a  curve  of  tne  saae  general  for.u.   The  :naxi:iiu:n 
ordinate  ofil  -  T„  Us  O^.O?,  while  that  of  the  other 
curve  is  about  Q^.Od. 


11.   Conclusion. 
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The  oo:nparisons  desjpibea  in  this  oaoer  see.n  to  show, 
assu:nin|  the  Paris  hydro,-?en  scale  and  the  aosoiute  scale  to 
oe  oractically  the  sase,  that  ^Sowland's  orincipal  ther:n- 
o.neter,  Baudin  6163,  when  reduced  to  the  absolute  scale  oy 
his  tables,  reads  a  littLe  too  loiv  up  to  about  37°,  witn  a 

0 

,Tiini;aun   at   aoout  15*   of   aoout     -  0.009.      Above  27^  it   reads 
a  little    too   iugii,    reaching     -f-  o'.Oia   at  43°.        The  other 
tnernoneter   whose   readings   are   i:njortant,    daudin  oloo, 
reads   a  little    too  low   at   all   points   of    toe  scale,    reaching 
a  ffliniJiun   of   about     -  0*.035   at  30".      The    tnird    tner.noais ter, 
sifnich   affected    only   one   of    tne   experi.Tien ts   on   the  aecnanical 
equivalent,    reads    too   ni.gn   at  all   ooiats   of    the   scale,    reach* 
ing   as  .Tiuch   as     -i-  0°.05   at  '50°. 

The   resulting  cnanges   on   the  'iiechanical   equivalent 
nave   oeen    to   leave   the   value   the   sa.ae  .at  14.5,    to  loivee   it 
Delow    that   point,    and    to   raise   it,    above   that   point. 
The   net  change  at  10°    oas   been   about  1   oart   in  1700,    at 
20°,    1    part   in  1300,    and    at  35°,    1   oart   in  1000.      These   are 
certainly   very   s.iiaLi.  Tnis  change   has  Jiade   the   resulting 

value   for   the  soecific   heat   of   water   oracticallv   identical 

A 

«itQ  tnat  of  3riffitDs',  as  shown  on  tne  curve,  d.  '^^    . 
For  tne  sake  of  ooaoarison,  Bartoli  and  Stracciati's  value 
for  tne  soecific  heat  of  water  has  oeen  olotted  on  the  same 
sheet,  ta:Cin^  the  soecific  neat  at  15°  as  1. 


^(i 


If,    thereiore,    fron    the    two  exoerinents,    that   of 
Griffiths'    by   an   electrical    iietho3,    and    tciat   of    Rov,'iani3   Oy 
a  .Tieohanical   :netho],    -vitn   tne  correotions   aoolied,    curves   rep- 
resenting   the  specific   heat   of   water   between  15°   and   30°   were  dra^n, 
tacin-?    tne   value   of    the  ;ae3hanical   eiuivalent   at. 15°   in   each 
case   as   unity,    tne    t.KO  curves   would   oe   practically   identical. 
This   seejis    to   indicate   the   possibility    that   the  difference   bet.veen 
Rowland's   and   Sriffiths'    value  of  -J   ;nay   be  due    to   so-ne   error   in 
the   electrical   standards   used,    or   to   some   error   in   Rov/land' s 
.-neasureaen t   of    tne  iDechanical   energy. 
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The  auestioa  has  been  raised  whether  Rowland's 
theriDO:Deters  oouid  have  suffered  any  3hani!e  in  their  soale 
since  they  were  ooaoared  witn  tne  air-tner.nonefcer  in  1877-78, 
nearly  twenty  years  ago.   Tois  could  only  be  detected  now 
if  tnere  had  oeen  also  soaie  relative  changes  amon,.;  the 
several  tnernoneters,  so  that  they  no  longer  agreed  as  forsner- 
ly.   Tne  changes  of  the  ?iero  points  since  1873  are  as  follows 

For  318.5  +  0.310  coi.  =^0°  .Z6 

6165  +  0.328  c:ii.  =  +0'.3 

6166  +  0.334  c:n.  =  +0°.3 

The  bulo  of  a  theraoneter  contains  aooroxi:aately  S250  degrees 
and  tnis  change  of  zero  indicates  a  change  in  tne  volume  of 
tne  bulo.   SuDOOsing,  as  see.Ds  reasonaole,  that  the  ste;ns  of 
tne  ther.-noineters  suffer  a  proportionate  change,  this  -.'.'ould 
give  an  error  at  the  uooer  Dart  of  the  scale 
for  8163,    at  40°   of   +  0°.002 

6165,    at  30°   of   +  0°.0015 

8168,    at  30°   of   +  O'.OOlo^  . 
Such  an  error  would  be  too  small  to  affect  these  coinparisons. 

In  toe  "ther.Qoaeter  book:  of  tne  Jonns  Hopkins 
University  are  sone  comoarisons  of  tnese  Bauriin  tnernoaeters 
:nade  at  several  orevious  dates.   In  order  to  see  whether 
these  co.Tiparison  shovfed  any  evidence  of  a  change  in  the 
ther aojie ters,  a  nu.iiber  of  these  in  1830,  and  in  1336  were 
exa.Tiined.   It  is  iapos  dole  to  say  now  with  .iust  now  auch 
care  these  coinoarisons  were  aade.   The  autnor  has  reduced 
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a  number  of  them,    takiag  account  of  the  chan.^e  of  zevo, 
and  the  oressure  of  the  watec  in  the  coaoarison  tank, 
using  tne  taoies  for  reduction  to  the  absolute  scale  given 
in  norland's  paper  on  the  mechanical  eauivalent.   Considering 
the  discrepancy  existing  between  tne  coniparisons  made  at 
neighboring  dates,  tnese  conparisons  do  not  give  any  certain 
evidence  of  any  relative  change  in  the  theraoitieters  since 
tnose  dates.   On  o.  ^Z.   are  plotted  curves  snowing  tne 
differences  in  tne  indications  of  these  ther.noneters  as 
deduced  by  toe  co:nparisoQs  witn  the  lonnelot  ther:ao:neters 
.iust  coffloleted,  and  toose  .sade  at  the  earlier  dates  referred 
to. 

Schuster's  indirect  coinparison  of  fiaudin  6166  gives  a 
larger  departure  fro:n  the  Paris  nitrogen  scale  tnan  do  these 
last  jiore  direct  cO'Haarisons,  out  tne  difference  curve  is 
of  tne  sane  general  for.n,  and  tne  discrepancy  is  not  any 
greater  tnan  one  would  exoect,  considering  ail  the  possibil- 
ities of  error.   It  is  n.ot  known  .iust  how  -Joule  inade  the 
co,oparison  of  his  thennoaieter  with  Baudin  6166,  but  it  is 
oroo.aole  tnat  he  followed,  in  a  general  way,  tne  plan  used 
oy  rtowland. 

It  is  safe  to  say,  tnerefore,  ti^at  tne  results 
given  in  tbis  paper  represent  substantially  the  effect  on 
Rowland's  value  of  tne  nechanical  equivalent  of  neat  of 
a  reduction  of  the  readings  of  his  tner:no:neter^  to  the 
Paris  hydrogen  scale. 
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TABLE     2. 

Ooaiparison   of    the  Tonneiot    toer-iTiomet.ers,    11801,    11811, 
and   11800,    witii    the   standards   of    tiie   Inter-national   bureau. 

Tonneiot  11801. 

Mean   temperatures.  Tonneiot  11801. 

9*.9.:51       -  M  +   0°.005 

29°. 865       ...  M  +   C.OOe 

49". 833  M  +   O'.OOS 

Tonneiot   11811 
19°. 768  M   -  0°.001 

29°. 774  M   -  0°.001 

49°. 887  M   -  0°.005 

Tonneiot  11800. 
A  8  G  D  E  P 

19*. 7170        20.8892      -   1.9980      22.6478     -  2.9:^508     -  0.0002 
29.7747        32.2587     -   2.0011      24.2037     -  4.4290     -  0.0030 

49.8870       55.5198     -   2.0245      57.2988      -  7.^108     +   0.0030 

Viean  correction   of    a  division     -  0.129396 
A — 'rlean  corrected   indications  of   therinoffleters4327  and  4550. 
B — Uncorrected    indication   of    theraiometer  11800 
C  -Uncorrected   zero  of    therinoaieter  11800 
D  -  Corrected    indication   of   tbermometer  11800 
F — Correction   of   theroiometer  11800. 


TABLE     3. 

Reduction   of   Roivland^s   Bauain   tner.iiometers   to   the  air 
ther:nojieter,    and    to   tne   absolute  scale. 

Baud  in   6163 


A 


50 

-  0.911 

-  0.911 

58.1 

0 

0 

60 

f  0.214 

f  0.214 

70 

1.328 

1.528 

80 

2.461 

2.460 

90 

3.534 

3.583 

100 

4.707 

4.706 

in 

5.889 

5.827 

120 

6.950 

8.948 

130 

8.071 

8.069 

140 

9.195 

9.190 

150 

10.314 

10.311 

160 

11.435 

11.432 

170 

13.556 

12.553 

180 

13.676 

13.672 

190 

14.794 

14.790 

300 

15.909 

15 . 905 

210 

17.023 

17.013 

220 

13.132 

18.127 

230 

19.242 

19.237 

240 

20, 

.350 

20, 

.345 

250 

21. 

,457 

21, 

.452 

260 

22. 

,559 

22, 

.554 

270 

23, 

.657 

23, 

.652 

280 

24, 

.  755 

24, 

.750 

290 

35. 

,854 

25, 

.848 

300 

26. 

.956 

26, 

.950 

310 

28. 

,060 

28. 

.056 

320 

39. 

,189 

29. 

.163 

330 

30. 

,382 

30. 

.876 

340 

31. 

,398 

31. 

.392 

350 

32. 

,514 

32. 

.508 

360 

33. 

,650 

33. 

.624 

370 

34. 

,748 

34. 

,742 

380 

35. 

,884 

35. 

,857 

390 

38. 

,979 

36. 

,972 

400 

38. 

,094 

38. 

,087 

410 

39. 

,208 

39. 

,199 

420 

40. 

,318 

40. 

,309 

Colusfin   A      Reading   in  milliirieters   on   the   stem. 
ColuiDn   B-  Teaiperature  on   Air  Tberjioneter. 
Column  C-   leiperature   on   Absolute  Scale. 


TABLE     3,    continued 
3auciin   6165 


30 

-  0.457 

-  0.457 

230 

17.009 

17.005 

35 

0 

0 

340 

17.361 

17.357 

40 

f  0,457 

+  0.457 

350 

18.714 

13.709 

50 

1.363 

1.368 

260 

19.562 

19.557 

60 

3.376 

2.275 

270 

30.406 

20.401 

70 

3.174 

3.173 

230 

21.347 

31.342 

80 

4.069 

4.'0'6S 

290 

33.081 

32.076 

90 

4.957 

4.955 

300 

22.913 

23.907 

100 

5.841 

5.839 

310 

23.736 

23.731 

no 

6.714 

8.712 

330 

24.552 

24.547 

120 

7.590 

7.588 

330 

35.370 

25.365 

130 

8.459 

3.456 

340 

26.180 

26.174 

140 

3.324 

9.321 

350 

26.987 

26.981 

150 

10.188 

10.183 

360 

37.788 

27.732 

160 

11.042 

11.039 

370 

33.590 

23.584 

170 

11.896 

11.895 

380 

39.382 

29.376 

180 

12.749 

12.746 

390 

30.176 

30.170 

190 

13.601 

13.593 

400 

30.971 

30.965 

300 

14.453 

14.450 

410 

31.782 

31 . 786 

310 

15.305 

15.302 

420 

33.577 

33.581 

320 

16.157 

18.153 

Si 


TABLE  3,  concluded 
Baudin  6166. 


30 

-  0.034 

-  0.034 

230 

16.298 

16.294 

30 

+  0.759 

+  0.759 

240 

17.074 

17.070 

40 

1.553 

1.555 

250 

17.348 

17.845 

50 

2.336 

3.335 

280 

18.627 

18.822 

60 

3.115 

3.114 

270 

19.405 

19.400 

70 

3 .  889 

3.888  ' 

330 

20.182 

20.177 

80 

4.885 

4.834 

290 

20.960 

20.955 

90 

5.438 

5.436 

300 

21.735 

21.730 

100 

6.212 

6.210 

310 

22.511 

22.506 

110 

8.988 

6,936 

320 

23.292 

23.237 

120 

7.785 

7.763 

330 

24.075 

24.070 

150 

8.544 

8.542 

340 

34.355 

24.850 

140 

9.323 

9.321 

350 

25.834 

25.623 

150 

10.105 

10.102 

360 

26.412 

26.406 

160 

10.837 

10.334 

570 

27.195 

27.189 

170 

11.667 

11.684 

380 

27.932 

27.976 

180 

12.444 

■  12.441 

390 

28.763 

28.762 

190 

13.217 

13.214 

400 

29.550 

29.544 

200 

13.938 

13.934 

410 

30.339 

30.333 

210 

14.756 

14.752 

430 

31.123 

31.117 

220 

15.526 

15.522 

430 

31.914 

31.908 

TABLE     4. 

Reduction   of   kiv  Iheraonieter   to  Absolute   scale. 

(?roii   p.    114,    Rov/land,    Vlech.  £q.) 

Air   theiMiometer.  Correction   to   air  tfjer-oiosneter 
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TABLe;     7. 
Measurejiients   of  6^^-(3.^      aiade  attiie  Phys.    Tech. 
Reichanstai  t,    at  Cnarlotteoburg.      (iUss.    AbDand.    Vol.    1,    p.    7?,y 


Xind  of  gl 

.ass. 

Theraio:neters 

P.- 

^ 

Verre 

dur 

4433 

0.000 

013  3 

n 

4437 

0.000 

008  3 

» 

4636^ 

0.000 

007  3 

Jena  16 

nt 

II 

0.000 

014  4 

M 

IV 

0.000 

012  9 

S 

1? 

0.000 

Oil  8 

» 

V 1 1 

0.000 

009  8 

» 

2 

0.000 

025  0 

» 

0 

0.000 

014  7 

n 

9 

0.000 

019  0 

n 

13 

0.000 

004  5 

Lt^ 


TABL-F-     8. 
Oo:nDarisons   of   Tonne]  ot   thennoffieter-s   witn   each   otber. 

12  April,  1397, 


Tonnelot  11801 


Baronie  ter.- 
iVater,  depth. 
Ice,  depth. 
Ooserved  zero. 
Corrected  zero, 
©bserved  reading 
Corrected  reading. 
on  hydrogen  seal 


770  .Tim. 
57   inrfl. 
59   iiiiii. 
+   0.033 
+   0.039 
10.529 
10.4  2.1 


Tonnelot  11311 

770  am 
57  aim. 
74  am. 

-  0.043 

-  0.033 
10.615 
10.423 


Barometer.  771   iifn, 

Water,    depth.  57  aai. 

Ice,    deptii.  59  01,11. 

Observed   zero.  +  0.026 

Corrected   zero.  -1-   0*032 

Observed   reading  25.470 

Corrected   reading.  23.338 


771  i-.tn, 
57  11131. 
74  iMi. 

-  0.053 

-  0.044 
25.931 
25.344 


Tne  corrections  applied  in  these  reductions  to  the 
zero  readings  are  those  for  calibration,  interior  pressure, 
and  exterior  pressure.   Similar  corrections  are  aoplied 
to  the  observed  readings,  and  in  addition,  the  zero 
correction,  tne  fundamental-interval  correction,  tne  correc- 
tion to  reduce  to  tne  mean  scale  of  the  hard  glass  thermoaet- 


TABLE  8,  continued, 
ers,  and  the  correction  to  reduce  to  the  hydrogen  scale. 

Tonneiot  11801     fonnelot  11311. 


Barometer.  771  iia. 

Water,  depth.  57  m. 

Ice,  depth.  39  am. 

Observed  zero.  +  0.019 

Corrected  zero.  +  0.035 

Observed  reading.  56.643 

Corrected  reading.  56.473 


771  3ini, 
57 
74 

-  0.057 

-  0.048 
37.354 
36.475 


Coaiparisoiof   14   April,    1897. 

Barometer.  759  ;iii!i 

Water,    depth.  57  am. 

Ice,    depti^.  89  nn. 

Observed   zero.  +  0.035 

Corrected    zero.  f  0.042 

Observed    reading.  7.631 

Corrected    reading  7.570 


759  am. 
57  iDin. 
84  iDin. 

-  0.041 

-  0.030 
7.683 
7.570 


TABLE  8,  continued, 


bar. 
n'ater. 
Ice. 

Ob.  zero 
Cor.  zero 
Ob.  reading. 
Sor.  reading 


Tonnelot  11301 
757   nm. 
57   lUiii. 
74   Bin. 
+  0.026 
f  0.034 
24.562 
24.452 


Tonnelot  11811 
757  iniii. 
57  am. 
89   aiin. 

-  0.049 

-  0.033 
25.051 
24.456 


oar. 

Water. 

Ice. 

Oos.  zero. 

Cor.  zero. 

Obs.  reading. 

Cor.  reading. 


/b6  3101. 
57  :n;i) 
■  74  laai. 
+   0.018 
+   0.026 
36.725 
56.560 


756  ma, 
57  a  Ed. 
39  a  a. 

-  0.059 

-  0.048 
37.433 
36.559 


TABLE     S,    continued. 

21    April.  Tonnelot  11300  Tonnelot     11811 

3aro:iieter.  772   am.  772   inin. 

Water,    d  80  tb.  57   aiiri.  57    tn. 

Ice,    depth.  59  mm  84  aim. 

Observed   zero  -  1.934  -  0.04S 

Corrected    zero.  -  1.928  -  0.033 

Observed   reading.  7.196  8.019 

Corrected   reading.  7.898  7.899 

Bar.  771    r.:n.  771   am. 

water.  57  am.  57  mn. 

Ice.  54   J121.  34   ifai. 

Obs.    2ero.  -  1.943  _  0.043 

Cor.    ?,ero.  -  1.937  _  0.033 

Obs.    rdg.  20.180  19.610 

Oor.    rdg.  19.143  19.140 


(o% 


TABLE  8,  continued. 


oar. 

fiater. 

Ice 

Obs.  zero. 

Cor.  zer-o. 

Ods.  rdg. 

Cor.  rdg. 


Tonneiot  11300. 

771  nai. 
57  II 31 . 
44  .11.1!. 

-  1.945 

-  1.959 
29.935 
37.593 


Tonnelot  11811 

771  m. 
57 

74  mill. 

-  0.050 

-  0.041 
23.323 
27.607 


Bar. 

i^  a  t  e  r 

Ice. 

Obs.    zero. 

Cor.    zero. 

Obs.    rdg. 

Cor. rdg. 


771  min. 
57  am. 
44  .-am. 

-  1.954 

-  1.949 
38.783 
35.297 


771  ::n. 
57  m  s . 
74   inai. 

-  0.059 

-  0.050 
36.165 
35.308 


TABLE  8,  continued 


6^ 


23  April. 

Bar. 

Water. 

Ice. 

Obs.  zero. 

Cor.  zero. 

Obs.  rdg. 

Cop.  r-dg. 


Tonnelot  11300. 

766  0131. 
57  aiED. 
54   mm. 

-  1.938 

-  1.931 
9.533 
9.896 


Tonnelot  11811 

768  ai.Ti. 
57  iniD. 
74   im. 

-  0.037 

-  0.027 
10.079 

9.396 


Bar. 

Water. 

Ice. 

Obs.  zero. 

Gor.  zero. 

Obs.  rdg. 

Gor.  rdg. 


763  3131. 
57   ram. 

-  1.942 

-  1.935 
21.231 
20.053 


763  mm. 
57  !ii:il. 
74  as. 

-  0.045 

-  0.054 
20.553 
30.059 


TABLf;  8,  continued. 


/^ 


Bar. 

Water. 

Ice. 

Obs.  ?ero. 

Cor.  z-ero. 

Obs.  rdg. 

Cor.  rdg. 


Tonnelot  11800. 

763  mm. 
57  am. 
54  ill  III. 

-  1.943 

-  1.941 
30.961 
23.500 


Tonnelot  11311, 

783  mm. 
57  ffliD. 
84  mm. 

-  0.047 

-  0.036 
39.2^6 
28.504 


Bar. 

Water. 

Ice. 

Obs.  3ero., 

Cor.  zero. 

Obs.  rdg. 

Gor. rdg. 


7  63  a  31 . 
57  mai. 
44  inm. 

-  1.957 

-  1.951 
40.879 
37.123 


763  M. 
57  ,11  rD. 
74  .1131. 

-  0.058 

-  0.048 
38.022 
37.132 


TARf.F.  8,  continued. 


11 


27  April,  1897.    Tonneiot  11800     Tonnelot  11811 


Bar. 

Water. 

Ice. 

Obs.  zero. 

Oor.  zero. 

Obs.  rdg. 

Cor.  rdg. 


756  mm. 
57  inm. 
44  ffloi. 

-  1.945 

-  1.937 
7.966 
8.570 


756  .m, 

57  iDoi. 
74   nm. 

-  0.045 

-  0.035 
8.702 
8.568 


Bar. 

jater. 

Ice. 

Oos.  aero. 

Cor.  zero. 

Cos.  rdg. 

Cor.  rdg. 


756  .Tim. 
57  m\. 
44   aai. 

-  1.948 

-  1.941 
20.299 
19.252 


756  aiD. 
57  an. 
74  am. 

-  0.048 

-  0.038 
19.725 
19.257 


TABLF;     8,    continued 


7'^ 


Tonnelot  11800    Tonnelot  118^1, 


Bar. 
j^ater. 
Ice. 

Obs.  zero, 
Cor.  zero. 
Obs.  rdg. 
Cor  rdg. 


756  iB;n. 
•57  ina. 
44  am. 

-  1.957 

-  1.950 
33.595 
29.927 


753  2,11. 
57  aim. 
74  mai. 

-  0.055 

-  0.044 
30.689 
39.933 


Bar. 
Sater. 
Ice. 

Obs.  zero 

Gor.  zero. 

Oos.  rdg. 

Cor.  rdg. 


755  mm. 
57  iDji. 
44  am. 

-  1.962 

-  1.955 
40.773 
37.035 


755  am. 
57  am. 
74  mm. 

-  0.059 

-  0.048 
37.929 
37.041 


73 

TABLF  8,  concluded. 

Collected  results  of  comparisons  of  Tonnelot  therm- 
ometers together. 

Tonnelot  11801.   Tonnelot  11811  T„  -  T, 

10.421  10.42.3  +  0.002 

25.358  35.344  +  0.006 

56.473  38.475  -  0.003 

7.570  7.570         0 

34.432  24.436  ^   0.004 

36.580  38.559  -  0.001 

Tonnelot  11300  Tonnelot  11811  T„ -Tp 

7.S98  7.899  +  0.001 

19.143  19.140  -  0.003 

27.593  27.607  +  0.009 

35.297  35.308  +  0.011 

9.896  9.936         0 

20.053  20.059  +  0.006 

28.500  28,504  ^   0.004 

37.123  37.132  +  0.009 

3.570  8.568  -  0.002 

19.252  19.257  +  0.005 

29.937  29.933  +  0.006 

57.035  37.041  +  0.006 

(See  curve  of  above  on  ?. 


/^ 


TABLE.  9. 

Differences  oetween  the  Tonnelot  ther-moaetei'S,  from 

the  smcoto  curve.  Corrections  to  reduce 

_  to  scale  of  T.  11801. 


Temp. 

'  (l     '01 

2° 

+  0 

4° 

+  0 

6' 

+  0.001 

-8" 

0.001 

10' 

0.001 

13° 

0.002 

14° 

0.002 

18° 

0 .  003 

18° 

0.003 

20° 

0.004 

22° 

0.005 

24° 

0.005 

26° 

0.004 

28° 

0.003 

50° 

0.002 

32° 

0.001 

34° 

0 

36° 

-  0.001 

38° 

-  0.002 

■u-  Kv 

T.  11800 

T.  11811 

0 

0 

0 

0 

0 

0 

0 

-  0.001 

-0.001 

0 

-  0.001 

-  0.001 

0 

-  0.001 

-  0.001 

+  0.001 

-  0.001 

-  0.003 

+  0.003 

0 

-  0.002 

+  0.003 

0 

-  0.003 

0.005 

f  0.002 

-  0.003 

0.005 

+  0.001 

-  0.004 

0.006 

+  0.001 

-  0.005 

0.005 

0 

-  0.005 

0.005 

+  0.001 

-  0.004 

0.005 

+  0.002 

-  0.003 

0.005 

+  0.003 

-  0.002 

0.006 

4-  0.005 

-  0.001 

0.006 

+  0.006 

0 

0.007 

+  0.008 

f  0.001 

li>- 


TABLE  10. 
Coaiparisons  of  Baudin  and  Tonnelot  thermoaieters. 

As  the  surface  of  the  water  in  the  aoinparison  tan'<  was 
always  57  ma.  (  =  4  lain.  mercury)  above  tfle  bulos  of  the  therm 
OJieters,  this  fact  will  i;ot  be  given  in  each  table. 

The  number  of  aiiilinie ters  corresponding  to  the  word 
"ice",  means,  of  course,  the  height  of  the  surface  of 
water  in  the  zero  tank  above  the  middle  point  of  tne  oulb  of 
the  tnermometer. 

Gorrespcnding  readings  will  be  in  the  same  vertical 
column.   The  abbreviations  used  in  all  the  tables  except  the 
first,  are  indicated  in  tne  first. 

33  March,  1397.       Tonnelot  11801 


A. 

Barometer 

750  mm. 

750 

750 

B, 

Ice. 

59  mm. 

59 

59 

o. 

Observed  zero. 

+  0*039 

+  0.038 

+  0.038 

D. 

Corrected  zero. 

+  0'.048 

+  0.047 

+  0.047 

3. 

Observed  reading. 

7°.  055 

14.138 

14.184 

P. 

Corrected  reading. 

6'.  941 

14.037 

14.073 

Baudin  6163, 


B. 

Ice. 

94  mm. 

C. 

Observed  zero. 

6'.081 

0. 

Corrected  zero. 

6°  022 

E. 

Observed  reading. 

12°.  236 

13, 

.578 

18, 

.819 

F. 

Corrected  reading. 

if.  984 

18, 

.310 

18. 

.351 

3. 

Absolute  scale 

8".  930 

14, 

.019 

14, 

.064 

TABLE  10,  continued, 


Tonnelot  11801. 


A. 

743 

748 

747 

B. 

59 

5-9 

59 

C. 

+  0.037 

+  0.025 

f  0.012 

D. 

f  0.036 

+  0.034 

f  0.021 

E. 

35.535 

35.044 

40.509 

F'. 

25.202 

32.910 
Baudin  6163. 

40.323 

G. 

D. 

E. 

28.567 

35.678 

42.364 

E. 

28.414 

35.566 

42.034 

25.205 

32.916 

40.347 

7t 


29  March,   1897.      Tonnelot  11811 


A. 

765 

765 

765 

765 

B. 

74 

74 

74 

74 

0. 

-  0.040 

-  0.047 

-  0.055 

-  0.063 

D. 

-  0.029 

-  0.036 

-  0,045 

-  0.053 

E. 

10.329 

18.166 

29.969 

37.227 

E. 

10.142 

17.746 
Baudin 

29,228 
6163. 

36.356 

B. 

94 

C. 

6.029 

D. 

6.026 

E. 

15.106 

21.298 

32.364 

38.777 

E. 

14.340 

21.664 

32.053 

38.449 

G. 

10.132 

17.732 

29.223 

36.358 

77 


51  Marcn,  1897. 


TABLF-  10,  continued 
lonnelot  11300. 


A. 

764 

764 

764 

764 

B. 

44 

44 

44 

44 

G. 

-  1.935 

-  1.942 

-  1.949 

-  1.953 

D. 

-  1.938 

-  1.935 

-  1.942 

-  1.946 

E. 

9.561 

30.831 

30.385 

39.410 

F. 

9.756 

19.187 
Baudin  6163 

28.000 

35.353 

B. 

94 

G. 

6.031 

D. 

6.018 

E. 

14.756 

23.238 

31.855 

38.320 

F'. 

14.499 

22.949 

30.954 

38.001 

b  . 

9.749 

19.180 

28.005 

35.858 

24 

VI  a  r  en 

Tonnelot  11301 

A. 

740 

740 

740 

B. 

59 

59 

59 

C. 

+  0.029 

+   0.032 

+  0.019 

D. 

+  0.039 

+  0.032 

+  0.029 

E. 

10.442 

19.568 

28.854 

P. 

10.338 

19.454 
Saudin  8165 

38.737 

8. 

75 

C. 

3.823 

D. 

3.828 

E. 

15.588 

26.527 

57.731 

F. 

15.193 

35.895 

57.257 

G . 

10.548 

19.468 

28.788 

7? 


TABLE  10,  continued. 
34  March,  1897.    Tonnelot  11801 


A. 

740 

740 

740 

B. 

59 

59 

59 

G. 

+  0.0?.9 

+  0.033 

+  0.019 

D. 

f  0.0?9 

+  0.033 

+  0.029 

S. 

10.5?.l 

19.575 

28.645 

F. 

10.417 

19.459 

28.528 

Baadin 

6166. 

B. 

58 

G. 

2.420 

D. 

3.437 

S. 

15.884 

37.544 

39.242 

f. 

15.585 

37.034 

38.681 

G. 

10.403 

19.426 

28.511 

36 

March,  1897 

Tonnelot  11311 

A. 

756 

758 

756 

B. 

74 

74 

74 

C. 

-  0.050 

-  0.054 

-  0.056 

D. 

-  0.033 

-  0.043 

-  0.045 

E. 

9.624 

33.358 

30.301 

F. 

9.468 

31.823 
Baudin  6165. 

29.553 

8. 

75 

G. 

3.818 

D. 

3.818 

E. 

14.565 

29.161 

38.756 

F. 

14.180 

23.723 

38.282 

3. 

9.476 

21.345 

29.600 

7f 


TABLE  10,  continued. 
26  '^arcn,  1897.    Tonnelot  11311. 

A.  758  756  758 

B.  74  74  74 
G.        -  0.050       -  0.054           -  0.056 
D.        -  0.038      -  0.043           -  0.045 

.30.190 
29.444 


758 

756 

74 

74 

-  0.050 

-  0.054 

-  0.038 

-  0.043 

9.613 

81.795 

9.457 

21.275 

Baudin 

6166 

58 

2.417 

2.417 

14.610 

29.896 

14.153 

29.379 

9.444 

21.249 

1  April,  1897.    Tonnelot  11800 


A. 

770 

768 

B. 

44 

44 

G. 

-  1.941 

-  1.944 

D. 

-  1.935 

-  1.938 

£. 

10.971 

18.209 

F. 

11.154 

17.432 
Baudin  6185 

A. 

770 

788 

8, 

75 

75 

c. 

3.824 

D, 

3.819 

E, 

16.530 

23.930 

F, 

16.132 

23.506 

o . 

11.152 

17.436 

40.415 
39.852 
29.428 


768 
44 
-  1.952 
■  1.947 
31.533 
39.001 


768 


38.^62 
37.586 
39.048 


^0 


TABLE  10,  continued. 
1  Aoril,  1397    Tonnelot  11800. 


A. 

770 

768 

768 

B. 

44 

44 

44 

G. 

-  1.941 

-  1.944 

-  1.952 

D. 

-  1.935 

-  1.958 

-  1.947 

E. 

10.861 

13.171 

31.14-3 

F. 

11.058 

17.400 
Baudin  8186 

28.862 

A* 

770 

B. 

53 

C 

2.418 

D. 

2.412 
16.884 

24.896 

39.417 

p. 

16.202 

24.400 

38.858 

o 

11.042 

17.380 

28.850 

26  Aoril,  1897.  _   Tonnelot  11301 

A.  752  751          749  748 

B.  79  59           69  59 

C.  +  0.033  +  C.027              +  0.018  +  0.012 

D.  +  0.041  +  0.036              +  0.027  +   0.G21 

E.  9.539  19.674                 30.825  39.512 

F.  9.432  19,555                 30.707  39.331 

Baudin  6163. 


23.550 
23.285 
19.553 


B. 

114 

G. 

8.006 

D. 

6.006 

E. 

14.454 

E. 

14.212 

9.428 

33. 

.691 

41.454 

33. 

.400 

41.143 

30, 

.722 

39.353 

^ 


TABLE     11. 

■Results  of  comparisons   of   Tonnelot    thermometers  and 
Jaudin    thermooieters,    collected   froiD   Table     10. 


T.    11801     B.    S163, 


!or. 


8.941 

6.930 

+ 

0.011 

14.027 

14.019 

+ 

0.008 

14.073 

14.064 

f 

0.009 

85.202 

25.205 

- 

0.003 

32.910 

32.916 

- 

0.006 

40.328 

40.347 

- 

0.019 

T.  11311 

T. 11811 
corr. 

B.6183 

10.142 

10.141 

10.133 

+ 

0.009 

17.746 

17.743 

17.7S2 

+ 

0.011 

39.223 

29.226 

29.223 

+ 

0.004 

36.356 

36.357 

36.358 

- 

0.001 

T. 11 300 

T. 11800 
corr. 

B.6163 

9.756  9.755 

19.187  19.183 

28.000  28.002 

35.838  35.846 


9.749  +  0.006 

19.180  +  0.008 

28.005  -  0.003 

35.358  -  0.012 


T. 11801      8.6163 


9.432 

9.428 

<-  0.004 

19.555 

19.553 

f  0.002 

30.707 

50.722 

-  0.015 

39.331 

39.358 

-  0.027 

%%^ 


TABLE  11,  continued. 
T.  11801    B.  6165.       Corr. 


10.538 

10.548 

-  0.010 

19.454 

19.468 

-  0.014 

28.737 

28.788 

-  0.051 

T.  11811 

T.  11811 
cor-r. 

B.  6165 

9.468 

9.467 

9.476 

-  0.009 

21.822 

21.817 

21.345 

-  0.028 

29.553 

29.551 

29.600 

-  0.049 

T.  11800 

T.  11800 
corr'd. 

3.  6165 

11.154 

11.153 

11.152 

+  0.001 

17.432 

17.434 

17.4.36 

-  0.002 

29.001 

29.004 

29.048 

-  0.044 

^3 


TABLE     11,    continued. 


Tonnelot 

11801 

Baudin  6168 

Oorr. 

10.417 

10.403 

+ 

0.014 

19.459 

19.426 

f 

0.033 

28.528 

28.511 

f 

0.017 

T.  11811 

T.  11811, 

corr. 

Baudin  6166 

9.457 

9.456 

9.444 

4- 

0.012 

31.275 

21.270 

21.249 

+ 

0.021 

39.444 

39.442 

39.428 

+ 

0.014 

T.  11300 

T.  11800, 

3crr. 

Baudin  6186 

11.058 

11.057 

11.042 

f 

0.015 

17.400 

17.402 

17.380 

+ 

0.022 

28.663 

28.664. 

38.650 

+ 

0.014 

table;  18. 

Corrections  to  be  added  to  the  indications  of 
Rowland's  Baudin  taersoaeters,  wnen  they  are  reduced  oy 
his  tables  to  the  absolute  scale,  to  make  them  agree  with 
the  Paris  hydrogen  thermometep.  ihese  corrections  were 
obtainea  from  the  saiooth  curve  on  o.'i-^   . 


6^ 


Baudin  6183 


Baudin  6185 


TeniD. 


(jorr. 


Temp. 


Corr. 


Temp. 


Corr, 


0 

+ 

0. 

31 

+ 

0.006 

0 

0. 

1 

3 
3 

f 
f 

0.001 
0.003 
0.003 

22 
23 
24 

f 

0.005 
0.003 
0.002 

1 
2 
3 

-  0.0005 

-  0.001 

-  0.003 

27 
23 

9  2 

-.043 
-.045 
-  n4Q 

4 
5 

+ 
f 

0.004 
0.005 

25 

26 

f 
+ 

0.002 
0.001 

4 
5 

-  0.002 

-  0.003 

30 

-.053 

6 

+ 

0.006 

37 

0. 

6 

-  0.003 

7 

f 

0.007 

23 

- 

0.001 

7 

-  0.004 

8 

+ 

0.007* 

29 

- 

0.001 

8 

-  0.005 

9 

f 

0.008 

30 

- 

0.002 

9 

-  0.005 

10 

+ 

0.0035 

31 

- 

0.003 

10 

-  0.006 

11 

+ 

0.009 

32 

- 

0.004 

11 

-  0.007 

13 

+ 

0.009 

33 

- 

0.005 

12 

-  0.007 

la 

+ 

0.009 

34 

- 

0.006 

13 

-  0.008 

14 

f 

0.009 

35 

- 

0.007 

14 

-  0.009 

15 

+ 

0.009 

36 

- 

0.008 

15 

-  0.010 

16 

+ 

0.009 

37 

- 

0.010 

16 

-  0.011 

17 

f 

0.008 

33 

- 

0.011 

17 

-  0.012 

18 

f 

0.008 

39 

- 

0.012 

18 

-  0.013 

19 

+ 

0.008 

40 

- 

0.013 

19 

-  0.015 

20 

■t- 

0.007 

30 
81 
88 
33 
34 
25 
26 

-  0.017 

-  0.080 

-  0.023 

-  0.027 

-  0.031 

-  0.034 

-  0.038 

^. 


TABLE     12,    concluded. 

Baudin     6166. 
TeaiD.  Corr.  TeiDp. 


0 

+ 

0. 

1 

+ 

0.001 

3 

+ 

0.003 

3 

+ 

0.004 

4 

4- 

0.005 

5 

+ 

0.006 

6 

+ 

0.008 

7 

+ 

0.009 

8 

f 

0.011 

9 

f 

0.012 

10 

+ 

0.013 

11 

+ 

0.015 

12 

+ 

0.016 

13 

+ 

0,017 

14 

+ 

0.018 

15 

+ 

0.020 

16 

+ 

0.021 

17 

f 

0.023 

18 

-1- 

0.024 

19 

+ 

0.025 

20 

f 

0.025 

21 

+ 

0.024 

22 

+ 

0.023 

33 

+ 

0.022 

24 

+ 

0.021 

25 

+ 

0.019 

26 

f 

0.018 

27 

+ 

0.017 

28 

+ 

0.016 

29 

+ 

0.013 

30 

+ 

0.013 

% 


TABLS     13. 

Siaiultaneous   coaiparison   of   Rowlands   Baudin 
tneracnieters,    Nos.    6163,    6165,    8166. 
(See  Table  10   for   abbreviations). 

6163  6185  8188 


770  ma, 
104  aim. 

6.080 

6.016 


770!n!n. 

770  mai 

35  im. 

68  mai 

3.826 

8.416 

3.820 

2.410 

767   .TIE 


767   aiiii. 


787  2131, 


E. 

10.587 

F. 

10.341 

3. 

5.088 

E. 

P. 

9.524 
9.152 
5.089 

9.741 
9.388 
5.380 


9.823 
8.796 
5.878 


E. 

10.852 

F. 

10.586 

o. 

5.363 

E. 

14.783 

F. 

14.526 

3. 

9.780 

E. 

18.348 

F. 

18.082 

o. 

13.784 

A  =  barooieter. 
B  =  aeptn  of  ice 
C  =  observed  zero. 


9.329 
3.903 
5.361 

15.031 

14.580 

9.774 

19.882 
19.213 
13.779 

0  =  oorrected  zero.  3  =  absolute 
E  =  observed  reading.  scale. 
F  =  corrected  reading. 


%1 


E. 

f. 

S. 

B. 

18.419 

P. 

18.153 

S. 

15.843 

E. 

22.541 

P. 

22.284 

6. 

18.420 

TABLE  13,  continued. 
6165  8165  8166 

19.850  20.208 

19.241  19.734 

13.303  13.779 

20.282 
19.808 
13.836 


25.109 
24.880 
18.346 

25.113  26.221 

24.839  25.721 

13.444  13.405 

26.234 
25.734 
18.415 

36.365 
35.894 
27.697 

38.215 
37.664 
27.712 


E. 

22. 

,555 

F. 

22. 

,273 

18. 

,436 

E. 

30. 

,937 

P. 

30. 

.638 

G. 

27. 

,655 

E. 

31. 

.007 

P. 

30. 

,708 

G. 

37. 

.733 

E. 

P. 

36.989  38.743 

36.516  38.195 

28.136  23.129 


TABLE  14. 
Results  of  the  comparisons  of  the  Baudin  theranometers, 
collected  fro;ii  Table  15. 

Baudin  6163.    Baudin  6165.    Baudin  6186. 

5.088  5.089 

5.880  5.373 


5.363 

5.361 

9.730 

9.774 

15.764 

13.773 

13.803 

15.779 

13.843 

15.336 

18.420 

13.456 

-  13.444 

.  18.405 

13.436 

13.415 

27.655 

27.697  

.  -  .  .. 

23.196 

28.129 

27.775 

37.712 

Prom  tnese  coaipar-isons,  and  from  the  correction  curve 

for  Baudin  6165,  the  following  ordinates  of  the  correction 

curves  for  B.6165  and  6166,  have  been  deduced,  calling  H 

the  temoerature  on  the  hydrogen  scale,  and  B  on  the  Baudin. 
At  5°.2   H  =  83  +  5  =  B^-  +  4  =  B^  +  7 

At   9*.  7      H  =    'B,  ^   "^   ■:;  -    B^-hiY'  \Jr^,t  S     are      o:oo< 

At    13'.8     H   =    ^.  ^^   =      Bs-'^    ^    -d^^l<^  Curves     on    p,    /f7 

Atl8''.4H-'B,  +  «-=3^-i?=:B«,+^^ 

At    27.8       H^    T33-1    ^      -^o-^^'    3^  +  10 


TABLE  15. 

Rowlandi's  individual  experiments  on  tne  Mechanical 
Equivalent,  classified  according  to  theraometer  used. 
From  p.  193,  Rowland,  Proc.  isn.  Acad.,  15.  75,  1877  -  78. 

ExDlanation,  p.  3>f-; 


■^1 


Baud 

in 

6163. 

J^    lb. 

M(iii.7 

/^M. 

1.2  V 

i~^A(/..iv 

Mtm.i-;. 

JL^^./^. 

JDcci-/ 

Dec,  )<^ 

Neun 

7 

U-'J-'i.-l 

"i-OJi.i^ 

V-  2  "If ,  -^ 

^^•/,  - 

8 

H-^/i 

•  i^i?.  fa 

9 

t 

V'X'J.O 

10 

11 

'^i7,"' 

Vi«.( 

«^-.«.(. 

V-'^.r 

12 

Vx'i.T 

<^i7.lo 

'^■^^.  ( 

1^-7,^ 

15 

"^i?. 

6" 

uxi.^ 

V-2--?,  7 

V-i7.^ 

«Ai7.  (« 

14 

'fi"),  1 

V^7. 
Vi7, 

^ 
S 

V-2-7.V- 
V-X7.J" 

V-^7-7 

1^2.7.  y- 

V^i7,3 

V"  1  7 .  ■:> 

15 

16 

'f  17,3 

17 

^Xl.Q 

Vi7, 

0 

V-2fc,V- 

'^  1-7.3 

v-^"?,  k 

st'^~\  ( 

13 

f^(..7 

1 

V27.0 

s^-7,  y 

Viio,7 

19 

20 

V-lLt.^ 

f  i(o,lo 

'/-ita 

,«" 

U-%1.0 

•/--i-l./ 

Va?.  0" 

VX7.0 

21 

V-ifc,? 

'^-^fc.f 

«ife 

V 

V-i4..f 

V-it,^ 

^ti(c,    t- 

22 

VicT.-l 

't-i'-.T 

U-J-tcJ 

t^^u  "J- 

23 

•fifc.O 

V-iL.r 

l/ii^V" 

</-it,.f 

24 

t^  2  i",  C 

t+l^.^ 

25 

<*  2.  6",  X 

26 

*f2i"x 

27 

Vi>r.  3 

28 

UiS'S- 

29 

U7  6": -J 

30 

V2  5-;^ 

«<-2-^TJ~ 

Vl-V-,<j 

v-ij-V 

31 

V'/(c,  0 

v-ij";  J 

l^X^,<? 

ti-ij .  V 

52 

U-llo.X 

«-^J,V 

V    .  V  'i 

<^  ^  >).  .> 

53 

(/-iJ... 

iA.i  J  ./ 

S-^i.i 

34 

Vij.'? 

U-Xj.i 

V-2J,V 

35 

UiJ.V 

V-xJ  .  i 

v^urj" 

36 

C"^^  J.  tp 

u    -^.V 

a--;  >)  .  J 

^0 


TABLFl     15,    continued. 


Sau 

din  6168, 

Bauain  6165 

V'ay   15 

Men.   12 

May 

23. 

Jun, 

,    3. 

Viean. 

May  14. 

14' 

427.9 

427.9 

427.9 

15 

427.8 

427.8 

427.4 

16 

428.8 

426.8 

427.2 

17 

427.0 

427.0 

426.9 

18 

426.6 

428.8 

426.7 

19 

485.9 

485.9 

426.4 

20 

425.8 

425.7 

425.7 

426.8 

31 

435.3 

425.5 

425.6 

425.8 

32 

426.0 

425.6 

426, 

,8 

426.1 

425.7 

33 

425.5 

425.5 

426. 

,4 

436. 

.? 

425.9 

425.7 

24 

425.1 

425.1 

426. 

.0 

425. 

.6 

425.4 

425.8 

85 

485.1 

425.2 

425. 

.9 

425. 

.4 

425.4 

428.2 

26 

425.8 

425.0 

435. 

.6 

425, 

.4 

425.4 

436.6 

27 

425.5 

435.5 

435.8 

28 

425.0 

This    table  gives   tne.  inechanical   equivalent  of 
neat  in  kilograai-ineters   at   8altiariore,    each   value  calculated 
froai   a  rise  of   10°    in   temperature. 


tapi-.f:  16. 

Calculation  of  the  conversion  factor,   P  ^  and  of 
toe  product,   JP,   See  D.3if,for  explanation. 


II 


p  - 1 


Baudin  8163. 

JP  =  /  r     P  -  1 


JP  =  j' 


7° 

-  0.0007 

429.2 

428.9' 

22 

+  0.0008 

426.2 

426.5 

8 

6 

428.9 

423.6 

23 

9 

426.1 

426.5 

9 

5 

428.5 

428.3 

24 

9 

425.7 

426.1 

10 

4 

428.3 

428.1 

25 

9 

425.4 

425.3 

11 

3 

428.1 

428.0 

26 

9 

425.4 

425.8 

12 

1 

427.8 

427.8 

27 

9 

425.3 

425.7 

13 

0' 

427.6 

427.6 

28 

8 

425.4 

425.7 

14 

0 

427.4 

427.4 

29 

8 

425.5 

425.8 

15 

+  0.0001 

427.3 

427.3 

30 

9 

425.4 

425.8 

16 

3 

437.3 

427.4 

31 

9 

425.4 

425.8 

17 

4 

427.1 

427.3 

32 

10 

425.5 

425.9 

18 

8 

426.9 

427.2 

33 

10 

425.3 

425.7 

19 

7 

426.9 

427.2 

34 

11 

425.4 

435.9 

20 

7 

427.0 

427.3 

35 

11 

425.5 

426.0 

21 

8, 

426.6 

426.9 

36 

+  0.0011*^ 

425.5 

426.0* 

The  first  column  headed  T  contains  tke  temperature 
for  which  J  is  taken.   The  second  column,  headed  P  -  1, 
contains  tne  conversion  factor,  P,  diininished  by  1, 
for  convenience  in  calculation.   Tne  column  headed  J  con- 
tains toe  values  of  the  necnanical  equivalent  obtained  from 
the  means  of  Table  15.   Tne  coluan  neaded  JP  =  J,  contains 
tne  value  of  J  after  aoolying  the  correction  deduced  from 
tne  correction  curves  for  the  Baudin  thermooieter,  to  reduce 
it  to  tne  Paris  nydrogen  scale. 


TABLS  16,  concluded. 


72- 


oaudin  8165 


Baudin  6186. 


T  P  -  1 


JP  =  J 


14 

f  0.0010 

427.9 

428.3 

-  0.0013 

427.9 

427.3 

15 

11 

427.4 

427.9 

12 

427.8 

427.3 

16 

■  13 

427.2 

427.8 

9 

426.8 

426.4 

17 

16 

426.9 

427.6 

7 

427.0 

428.7 

18 

19 

428.7 

427.5 

5 

426.6 

426.4 

19 

22 

428.4 

427.5 

3 

425.9 

425.8 

20 

24 

427.2 

427.2 

■  +  0.0001 

425.7 

425.7 

21 

27 

425.8 

426.9 

3 

425.6 

425.7 

22 

50 

425.7 

427.0 

6 

428.1 

426.4 

25 

32 

425.7 

427.1 

8 

425.9 

428.2 

24 

34 

425.8 

427.2 

11 

425.4 

425.9 

25 

35 

426.2 

427.7 

12 

425.4 

425.9 

26 

37* 

426.6 

428.2 

12* 

425.4 

425.9 

27 

37*^ 

425.8 

427.4 

13^ 

425. & 

426.1 

28 

37* 

425.0 

428.6 

p  -  1 


JP  =  J' 


b  ^Trcx  p  0  laTed  . 


TABLE  17. 
Pinal  Result. 


1  ^ 


0 


5 

6 

429. 

0 

4204 

7 

433. 

9 

428. 

8 

4302 

8 

428. 

6 

428 

6 

4200 

9 

428. 

-5 

428 

4 

4199 

10 

428. 

1 

428. 

2 

4197 

11 

433 

0 

438 

0 

4195 

18 

427 

3 

427 

9 

4194 

13 

427. 

6 

437 

7 

4192 

14 

427 

5 

437 

6 

4191 

15 

427. 

4 

427 

4 

4139 

16 

427 

? 

427 

3 

4138 

17 

427 

3 

427 

.2 

4187 

13 

427 

1 

427 

.0 

4135 

19 

427 

0 

438 

.9 

4184 

20 

426 

9 

426 

.8 

4183 

4313 
4309 
4307 
4304 
4302 
4300 
4198 
4196 
4194 
4192 
4139 
4187 
4135 
413-] 
4181 
4179 


3f 

438. 

8 

436. 

6 

4181 

4177 

32 

436. 

5 

436 

5 

4180 

4176 

23 

426. 

4 

436. 

4 

4179 

4175 

34 

436. 

1 

436 

3 

4178 

4174 

35 

436. 

1 

438 

2 

4177 

4173 

26 

436 

1 

426 

1 

4176 

4173 

37 

436 

1 

426 

0 

4175 

4171 

38 

425 

g 

425 

9 

4174 

4171 

29 

435 

8 

425 

8 

4173 

4170 

30 

435 

8 

435 

8 

4173 

4171 

31 

425 

8 

425 

.8 

4173 

4171 

32 

435 

9 

425 

8 

4173 

4171 

33 

435 

.7 

425 

.9 

4174 

4173 

34 

435 

.9 

425 

.9 

4174 

4173 

35 

436 

.0 

425 

.9 

4174 

4173 

36 

436 

.0 

436 

.0 

4175 

4173 

In  the  table  aoove,  coluain  A  is  the  absolute  temperat- 
ure. Coluinn  3  is  the  aiean  of  the  corrected  values  for  the 
:iiecnanical  equivalent,  calculated  fron  Table  16,  giving  to 
each  value  that  was  added  in  to  form  the  aeanj  a  'A'eignt  eaual 
to  the  nuaber  of  exoeriaents  giving  values  at  tuat  teaioerat- 
ure.   Column  C  ha^  tne  values  obtained  froa  a  smooth  curve. 
Goluiiin  D  is  the  same,  reduced  to  the  G.3.S.  system.   Tne 
numbers  should  be  multiplied  by  lO''".   Column  E  has  the 
uncorrected  values  on  the  0.3.3.  system.   These  results 
are  shown  in  the  curves  on  p.i(-$   and  p.f-^. 
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Table  19. 

Example  of  a  sooioarison,  givins?  all  the  original 
data  recorded  at  the  tiine,  together  v.ith  the  complste  reiuc-n* 
tioii.   lae  exaaole  taken  is  the  coinaarison  between  Tonnelot 
11801  and  Baudin  6165,  made  on  the  24tu  Maroh,  1897. 
|his  oartisiilar  oase  was  selected  at  random  on  account  of  tne 
fact  that, on  the  curve,  there  seeied  to  be  a  little  irregular- 
ity. 

Ther.BO.aeter  Bauain  6165  out  in  ice  at  10:10  A.Vi. 
At  1  ?.V1.  tne  baroiiietsr  eead  74.04  ca.   An  aneroid  baroaieter 
was  used  to  measure  the  at;nospiieric  pressure,  and  it  was 
cc-npared  at  least  once  every  day  .with  a  inercury  barometer,  ex 
cept  in  one  or  two  cases. 

Micronster  readings  of  the  aero  ooint  of  3audin  6165. 


Setting. 

Readings. 

5.8  c^. 

16, 

.930  ain. 

16.930  aiin 

16.935 

aa 

Dif. 

.83 

.389 

.331 

jiai 

Thread . 

16, 

.69   ma. 

16.691   M. 

16.694 

Dif. 

.985 

.99 

.99 

.3.9  en. 

15, 

.  9.35 

15.9-3J1I1. 

15.935 

mm 

Time  of  obs.   3  h.  43  ain, 


3  a.    38  Tiin.  ?  M 


Table  19,  continued. 


Goiaparison   in   tne   tank. 

Tonnelo t 

11301 

I. 

III. 

L0'.3 

13.315  Din. 
.455 

8.430  !Din. 
.45 

Tnread. 

11.360 

7.930  0131. 

.595 

.60 

10°. 4 

11.730 

7.83 

riae 

5:54   P.Vi. 

3a.    53  31. 

Baud  in  8165. 

II. 

15,5   on. 

10.412   aa. 

Dif, 

.102 

Thread. 

10.31 

Dif, 

1.002 

15.6  c-D. 

9.410 

Tine. 

_   _   _   _ 

Sater  stir-red  ud. 


Baudin  6165. 
I. 

15.8  sn.   15.393  :aa. 

.625 
Thread.   12.775  na. 

.998 
15.7  3D   12.40 

TiDe    4:13  ?.\i. 


III.. 
10,728  itai. 

:636 
10.10 

1.006  BD. 

9.73   lui. 
4:17  P.«. 


Table  19,  oontinued, 


Tonnelot  11801. 

II. 

10°  5  '11.535  nfu, 

Oif.  .035 

Thread.  11.55  iiiii. 

Oif.  .595 

lO".  6  11.99   mji. 

Tine  


IV 

8. 

.375   ai;n 

.047 

8; 

,388  ;Din 

.585 

7, 

.69  aim. 

Zero  of  Tonnelot  11801 


0» 

3 

.623  aai. 

Oif. 

.163 

Thread . 

8, 

,48 

Dif. 

.6:50 

f  OM 

7. 

.998aa. 

8.633 

3131. 

8.825  Bm 

.180 

.163 

3.443 

8.457 

.633 

.637 

8.000:1 

la. 

.  7,998m;n. 

4a.  46  01. P.M. 


4  h.   43  3. 


In  taking  zero  points,  unless  otherwise  tnentioned, 
the  water  in  the  aero  tank  was  as  high  as  the  point  on  the 
tnerioaster  where  the  3ero  actually  was. 

This  exanaole  nere  shows  tnat  on  the  ther.no.'neter 
Tonnelot  11301,  the  mark  ^■  0°.l  was  too  hign.   It  is  disDiaoe<i 
by  about  0.04  ii:ii.  whioh  is  aoout  7^.   This  however  did  not 
have  any  effect  on  the  readings,  as  the  average  value  of  a 
degree  was  used  in  reducing  tne  aicroneter  readings. 
For  this  therno.neter  it  was  5.858  nun. 


1^ 


Table  19,  continued. 

Reduobion  of  readings.        Tonnelot  11801. 

Teaserature  measured.   Gorres.   ze^o 
Barometer  740  .h.ti.        740  mm. 

iSater  in  tank  57  aa.  =  Hg.        4  mm 

Water  in  2ero  tank.  53  am.  =  Kg. 4  aim. 

744  mm.        744  mm. 


Total  Dressures. 


Readings.  10°. 577 

10'. 507 
•/lean  of  the  two  "lO'Tiii"       -i-  0.039 

Oalioratioa  oorrej;tion     -  0..003'         0 

Interior  pressure  +  0.008 

Exterior  pressure.        +  0°.003        f  0.008 
7jero.  -  0°.0o9    _  _  +  0.039 

""{5°  7397"""^ 
Fundamental-interval.        0 
Correction  to  mean  of 
hard  glass  thermometers    -  0°.005 
Oorrection  to  hydrogen  sc.  -  0°.054 
Temp,  on  hydrogen^ecale.    10". 333 

Bauain  8165. 

Baroneter           740  ram.(  Readings         15.510  Ctk 

Ice  75* ma  =          5    I  15.683 

Pressure  in  ice.     745  mm.'  Mean  value        15.586 

.   .       .,  ^<^ ,      Exterior  pressure   +  .005 

Reading  in  ice.    3.333  cm.i        ,^^     „    ^  ^ 

Int.  Dr.  193  mm  x  ^L  -0.070 

Exterior  pressure  -i-O.OOo    I  '    „  „„^ 

—r-ZZT  5iero  0.323 

Corrected  zero     3.838  *m.( 

15.193  <i^' 
Rowland's  table    3.5      (  o 

1  Absolute  seals      10.343 

4ero  correction.  -  0.323  c^.I 
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The  author  was  oorn  in  •Hen   Yor'^  City  on  toe 
3na  of  January,  1364.   He  was  eaucated  in  private  schools 
in  that  city,  and  in  October,  1330,  ne  entered  the 
acadeiaic  deoartaent  of  Golu.Tibia  College.   He  graduated 
in  June,  1834,  receiving  the  degree  of  A. 3.   He  then 
entered  ousiness  life  in  ;vnich  he  renained  until  1391. 
In  Octooer  of  that  year  he  entered  the  Jonns  Hopkins  Univers- 
ity as  a  graduate  student  in  Physics.   In  1395-96.  he  was 
aooointed  a  student-assistant  in  tiie  Physical  i-aboratory 
of  tne  Jonns  Hopkins  University. 
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